


ENGINEERING 
AUBRARY RING,” 


JUNE 18, 1948 


[Jul 3 








—_— 


An Plustrated Weekly Journal. 


EDITED BY CHAS. COOPER AND J. FOSTER PETREE. 


OFFICES FOR ADVERTISEMENTS AND PUBL ICATION, 





35 & 36, BEDFORD ST., 


STRAND, 


LONDON, W.C.32. 








VOL. 165—No. 4299 


Registered at the General 
Post Office as a Newspaper 


LONDON: FRIDAY, JUNE 18 1948. 


Prick 1s. 6d. 


INLAND 24d. 
Postage { Fonrios 3d. 








Air Receivers Hoppers, 


Buoys, d TA N KS Chimneys, 


Wagons, Tauks Ducting. 
EVERYTHING FROM MILD STEEL PLATE 


JOHN BELLAMY 


EAST 1892 LIMITED EST. = 
MILLWALL, E.14 


YARROW 


& CO., LTD. 
GLASGOW 
SHIPBUILDERS 
MARINE ENGINEERS 5678 
LAND AND MARINE BOILER MAKERS 


R APIE 34 
EXCAVATORS 
and 


WALKING DRAGLINES 


RANSOMES & RAPIER LTD. Ipswich - England. 
5982 


MOSS oo. oso 
GEARS 


THE MOSS GEAR CO., LTD 
Crown Works, Tyburn, Birmingham. 





FRASER 
BOILERS 


FRASER AND FRASER LTD. 
BROMLEY-BY-BOW, LONDON, E.3 


BROTHERHOOD 
STEAM 
TURBINES 


PETER BROTHERHOOD LTD. 
PETERBOROUGH 


6938 


CRADLEY 
BOILERS 


CRADLEY BOILERS CO. LTD 


CRADLEY HEATH, STAFFS 5585 


COOPER 


SPLIT 
ROLLER BEARINGS 


KING'S LYNN 5881 NORFOLK 





METAL SLITTING 


GROUND FLAT STOCK 
WILLIAM WARD & SON (SHEFFIELD), LTD., 
CENTENARY WORKS, WOODSEATS ROAD, 

SHEFFIELD 


TATTERSALL 


& SONS LTD 
BRICK CHIMNEYS, STOVES, 
BLAST FURNACE LININGS. 


137, SOUTHFIELD ROAD., 


EST. 1898 MIDDLESBROUGH 


MUREX 


Electrodes 


MUREX WELDING PROCESSES LTD. 
WALTHAM CROSS, HERTS. 
Telephone : Waltham Cross 3636 


607 





J.2 E. HALL 
REFRIGERATION 


FOR LAND & MARINE PURPOSES 
LIFTS ano ESCALATORS 
J.& E. HALL, LTD., ENGINEERS, DARTFORD 
KENT. 
Telephone Dartford 8456 


London Office: 10, St. SwirHin'’s LanR, E.C.4, 
Telephone: MANSION HuvUSsE 9811 


PUMPS.. Te! 


London Holborn 4271 (5 lines) Newark 601-2-3-4 
Manchester Blackfriars 3810 Newcastle 22333 
Birmingham Midland 5310 Glasgow Douglas 1974 


Liverpool Central 1877 


WORTHINGTON - SIMPSON 


PATTERNS 


WOOD & METAL 
B. LEVY & CO. 


1, OSBERT STREET, VINCENT SQUARE, 8.W.1 
Telephone : VICtoria 1073 & 7486. 


FOR 
SAFETY GUARDS 


THE 


LIMITED. 
Designers and Manufacturers of STANDARD 
and SPECIAL SAFETY and MACHINERY 
GUARDS in “‘ PERSPEX "’ SHEET METAL 
and WIRE MESH. 
* PERSPEX’’ STOCKISTS. 6 MANIPULATORS 
218A, MONUMENT ROAD, BIRMINGHAM I6. 


’Grams : ““CLEERVUE” 'Phone: EDGbaston 2528 





GLORGE RUSSELL & CO.. LTD. 
5632 





SPENCER-BONECOURT 
Patent Waste Heat Boilers 


Audrey House, Houndsditch, London, E.C.3 5674 


Motherwell 


HURST NELSON & CO., LTD 


MOTHERWELL 


|DREDGERS 


FORGINGS. 


WALTER SOMERS, LTD 


HALES OWEN 7118 


OF ALI TYPES 
erates: BROS. (Port-Glasgow) LTD 
ORT-GLASGOW 


SNOW 
6074 


STEPHENS 
V-BELT DRIVES 


Send for copy of V-Belt 
Drive Data Chart 


STEPHENS | res co. 


LTO 
RIVE WORKS, 
HILL, BIRMINGHAM, 4 





BIBBY 
COUPLINGS 


5YR1L 
THE WELLMAN BIBBY CO., LTD., 
Parnell House, Wilton Road, London, 8.W.1. 


BARRY 
PULLEYS 
& GEARING 


BARRY, ears & COOK, a 
BERDEEN. 


VISCO 


AIR FILTERS 
DUST COLLECTORS 
COOLING TOWERS 
THE VISCO md Bond. Groya gu LTD. 
Stafford Road, Cro’ 
Phone: CROydon ‘aaile & ‘2471 


6077 


ALLDAYS « 
ONIONS 


5353 BIRMINGHAM LTD. 


SMITHY PLANT. 





STAINLESS STEEL 
TURNED PARTS 


H. FORDSMITH LTD., 
Hadtield Street Works, aaa 
MANCHESTER, 


TRAfford Park 1615 Rs 1616 5589 


TAYLOR AND 


CHALLEN 
POWER PRESSES 


TAYLOR AND CHALLEN LIMITED 2858 
DERWENT WORKS, BIRMINGHAM, 19 


SPECIAL MACHINERY 
MADE TO ORDER 


*Phone: EUSTON 3176 (4 lines). 
GEORGE WAILES & £3 


382-8 EUSTON RD., LONDON, N.W.1. 
Specialists since 1855 


WEIR 


FEED HEATERS 


G.&J.WEIR LTD. GLASGOW. 





LOCOMOTIVES 
TEAM OR DIESEL 
HUDSWELL CLARKE & Co.Ltd. 
RAILWAY FOUNDRY, LEEDS 


London Office : 46, Victoria St., 8.W.1. 


Telephone: Victoria 1133 8559 


PRECIPITRON 


Registered Trade Mark 
ELECTRONIC AIR FILTER 


STURTEVANT ENGINEERING Co. LTD. 
5697 


WISEMAN 
REDUCTION GEARS 
ALFRED WISEMAN & CO.LTD. 


GLOVER STREET, BIRMINGHAM, 9. 


SAMUEL P LATT LIMITED 


King’s Hill Foundry, Wednesbury, Staffs 


UPSET FORGING MACHINES 
DROP STAMPS, PRESSES, 
DRAWBENCHES 


5354 





SECTIONAL 
PRESSED STEEL 
TANKS 


also 
RIVETED and WELDED PLATEWORK, 
STORAGE TANKS, BUOYS, CHIMNEYS, 
BUNKERS, HOPPERS, Ete. 


BROWN, LENOX & CO. 
(LONDON), LIMITED. 
Contractors to the Admiralty since 1808 
MILLWALL LONDON E. 4 
Telephone: East 3261/2. 





———. 





HEATING & 
VENTILATION 


ROSSER & RUSSELL LTD. 


HEATING AND VENTILATING SPECIALISTS 
80/81, Conduit Street, Bank Low Mills 
London, W.1. Marsh Lane, Leeds, 9 
Tel. No. Mayfair 9141 Tel. No. Leeds 20911 


5480 


RESEARCLJ 


ENGINEERS LTD 
FOR 


PROTOTYPES 


FOR DETAILS 





SEE FIRST CLASSIFIED PAGE 


PATERSON 


SPECIALISTS 


IN ALL FORMS OF 


WATER TREATMENT 


FOR 


MUNICIPAL 


AND 


INDUSTRIAL 


PURPOSES 





83, KINGSWAY,LONDON 











1949! % 
For Editorial Contents see page 589 


KNGINEERING: 














ENGINEERING. JUNE 18, 1948. 








ene = . ——— - 





Who can’t? 


Every time they leave the ground, bees cock 
pollen-dusty snooks at the theorists who can prove 
that their wings aren’t equal to the job; and they 
bumble cheerfully off on flights that add up to 
50,000 miles for every pound of honey they bring 
to the hive. Bees aren’t grounded by mere 
theories, nor are they floored by their tremend- 
ous handling problems: like us, they’ve been 
solving problems of that sort for a long time now. 


May we solve your handling problem ?7—We can—if we may 
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NILE CONTROL BY 
HYDRO-ELECTRIC MEANS. 


By Aspe. Aziz Bry Aumep, D.Sc.(Eng.), 
M.I.C.E. 


Ow1ne to the seasona] character of the tropical 
rainfall from which the Nile derives its supplies, the 
volume of water carried by the river varies greatly 
with the season of the year. During the flood period 
(the months of August to January, inclusive ) 
tiie discharge is far in excess of the actual require- 
ments of irrigation and has to be allowed to go to 
waste into the sea. High floods have occurred in 
past years, exposing the banks of the river to the 





for the same purpose, so that its storage capacity 
at present amounts to 5 milliard* cubic metres, 
holding water to a level 33 m. above the natural 
water level of the river. The Aswan Dam was 
followed by Gebel Aulia, on the White Nile, having a 
storage capacity of 2-5 milliard cub. m. 

The total summer water requirements of the cultiv- 
able area of Egypt, which has been estimated as 
7-1 million feddans,} are 31-8 milliard cub.m. The 
summer water requirements of the Sudan are about 
1-6 milliard cub. m., so that the total summer water 
requirements of Egypt and Sudan are 33-4 milliard 
cub. m. The summer water available at present 
is about 23-5 milliard cub. m., consisting of the 
natural river discharge in an average year, 15-4 
milliards; the Aswan Dam, 5-0 milliards; the 
Gebel Aulia Dam, 2-5 milliards; and the Sennar 
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danger of breach which would be attended with 
disastrous consequences to life and property. The 
last of the high floods to occur was that of 1945. 
On the other hand, from the beginning of February 
to the end of July, the discharge of the river is low 
and by no means adequate for the requirements of 
irrigation. Hence the two main problems which 
have always occupied the attention of the irrigation 
engineer in Egypt, are, first, to provide adequate 
water during spring and summer months (February 
to July) referred to generally as summer water ; 
and, second, to protect the country against high 
floods. 

The first practical solution of the water-storage 
problem was the construction, in 1902, of the Aswan 
Dam, which has ever since given tremendous 
impetus to perennial irrigation and, in particular, 
to the cultivation of cotton, which has since become 
the mainstay of Egyptian agriculture. This dam 
was heightened in 1912 and re-heightened in 1933 
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Dam, 0-6 milliard making a total of 23-5 milliard 
cub. m. Hence there is a deficit of 9-9 milliards 
in the summer water requirements, and the following 
projects have been put forward to meet this deficit : 
Merowe Reservoir, near the Fourth Cataract, 
3 milliards ; Lake Albert Reservoir and the remodel- 
ling of the Sudd region, 5-2 milliards; and the 
Lake Tana Reservoir, 2-1 milliards. These make 
a total of 10-3 milliard cub. m., leaving a surplus 
of 0-4 milliard as a reserve. It may be remarked 
that this storage plan, based as it is on average year 
discharges, may fail in low years. In particular, 
it would not be possible in future to fill either the 
present Aswan nor the projected Merowe Reservoirs 
in years of low flood. 

A plan for “‘ century storage ”’ has been elaborated 





* One milliard is a thousand millions, and the cubic 
metre is the unit of volume employed in this article. 
t One feddan = 4,200 square metres = 1-038 acre. 





by E Hurst, Black and Simaika,* for the storage of 
water in Lake Albert, known as the Lake Albert 
Reservoir, which would provide, with a measure 
of guarantee, practically all the water requirements 
of Egypt at all times. In this plan, as in all other 
plans designed to increase water supply for Egypt, 
it is assumed that means are taken to prevent the 
present wastage of water in the Sudd region. 
Indeed, without such means being taken, all efforts 
for increasing water supplies from the Upper Nile, 
whatever be the projects carried out, would be 
wasted. The scheme described in this article is a 
deviation of the practice hitherto followed, and 
aims at harnessing the river by hydro-electric means 
in a manner which would provide the whole of the 
Nile Valley (Egypt and Sudan) with ample water 
supply even in the lowest years. 

It is well known that Bahr el Gebel loses much of 
the water which it carries from its sources in the 
Equatorial Lakes district, by passing through the 
swampy area known as the “ Sudd region.” Both 
Bahr el Gebel and its offshoot, Bahr el Zeraf, finally 
flow into the White Nile (See Fig. 1). The 
problem of reducing the water losses in the Sudd 
region has occupied much attention and has been 
under study for many years. The discharge of 
water measured at Mongalla, before the river enters 
the Sudd region, amounts on an average to about 
26-5 milliards annually. The discharge into the 
White Nile, measured at the tail of the swamps, is 
about 14 milliards. This figure includes as well the 
discharge from Bahr el Ghazal, which is roughly 
2 milliards annually, so that the net discharge of 
Gebel after passing through the Sudd region is 
about 12 milliards only. Consequently, the total 
loss in the swamps is about 14-5 milliards. Obviously 
this. represents the loss in the swamps traversed . 
by Gebel and Zeraf only, and does not include the 
loss in the area traversed by Ghazal, which is a very 
sluggish stream draining out of large swamps 
formed by streams running down from the Congo 
Nile watershed. This loss is, no doubt, very 
considerable. 

In order to avoid this heavy pote in the Sudd 
region, various projects have been put forward, 
which fall under three types: firstly, the embank- 
ment and improvement of Gebel and Zeraf to pre- 
vent the overflow of water over their low banks, and 
spilling into the marshes; secondly, the construc- 
tion of a new and straight channel outside the 
swamps, into which the water would be diverted ; 
and thirdly, a combination of the preceding types. 

A scheme for the embankment,f and another 
scheme for the diversion, known as the “Jonglei 
Diversion Scheme,’{ were drawn up by the late 
Mr. A. D. Butcher. The latter scheme was aap 
preferable, and it was decided by the Ministry 
Public Works that this scheme should be san 
in its general form, but that details conce: the 
exact alignment design, etc., would need further 
study. It envisages the construction of a diversion 
channel from Jonglei, north of Bor, to the White 
Nile, just south of Zeraf mouth, thus diverting the 
water of Gebel directly into the White Nile with 
only the normal losses, which may be estimated as 
13 per cent. The diversion channel would be about 
300 km. long, 60 m. wide, and 5 m. deep, the 
discharge of Gebel being thus lowered to a point 
where overflow and spilling, with its consequent 
losses, would be avoided. 

Since then, studies of the Lake Albert Reservoir 
have shown that it would be necessary to make con- 
siderable enlargement and extension of the diversion 
scheme referred to. Apart from the cost of this 
great undertaking, there are the difficulties of main- 
taining a large staff of engineers and workmen in a 
region with no transport facilities, in an inhospitable 
and unhealthy country. 

The scheme proposed by the author, in his capacity 
as chief engineer and chairman of the Hydro-electric 
Power Commission, Ministry of Public Works, Cairo, 
will now be described. It is generally admitted that, 


* The Nile Basin, Vol. VII. ‘“‘ The Future Conser- 
vations of the Nile,” by Hurst, Black and Simaika, 
Physical Department Paper No. 51. Government 
Press, Cairo. 

+ See Report on Bahr el Gebel Banking Scheme, 
Ministry of Public Works. 

t See Report on Scheme, Ministry of Public Works, 
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in any one of the above projects for the improvement 
of the Sudd region, a reservoir would have to be 
constructed somewhere before the river enters the 
Sudd region, for the purpose of regulating the flow 
of water northwards, and in order to provide over- 
year storage capacity as well, for use in years when 
the total flow in the Nile is below normal or falls 
short of irrigation requirements. It would appear 
that the most suitable site for the erection of a dam 
for this purpose is at Nimulé, or perhaps, at the 
outlet of Lake Albert if the “‘ century storage ” 
scheme be 

The proposed echeme, in substance, involves the 
utilisation of the head created by the construction 
of the dam referred to, or the waterfall of the Fola 
rapids just below Nimulé, properly harnessed for 
electric power generation. This power would be 
transmitted several hundred kilometres to a point 
on the White Nile where electrically-driven pumps 
could be installed for lifting the water into the 
White Nile. The position of the generating station 
and pumping station, as well as the transmission 
line, are tentatively shown in Fig. 1. 

It may be mentioned that the Sudd region is a 
very flat ground about 300 km. long, with only a 
gentle gradient of not more than 7 cm. per kilo- 
metre ; so that, by causing the water level to drop 
at the tail of the swamps by, say, 2 to 5 m., the 
effect of this drop would be felt in the backwater 
for many kilometres south, thereby augmenting the 
rate of flow of water, or discharge, considerably. 
The choice of the lift or range of lifts for which the 
pumps are to be designed depends, among other 
factors, on the water discharge required to flow into 
the White Nile for irrigation and for other purposes. 

The following project has been worked out on 
- broad lines as a — application of the con- 

ion scheme. In this 
project, the range Pr lift for which the pumps are 
to be designed is taken as 2 m. to 5 m., with a 
maximum efficiency at, say, 3 m. Obviously, the 
nature of the scheme is not affected by the range 
of lift chosen, which would have to be decided 
upon before the scheme is actually put into effect. 
Electric generation is assumed to be by alternating 
current, and transmission of power by continuous 
current by means of mercury-arc rectifiers installed 
at the generating as well as at the receiving ends. 

Assuming a discharge of the pumps of 1,000 
cub. m. per second and a maximum lift of 5 m., 
the water power of the pumps would be about 
50,000 kW. Taking an overall efficiency of 50 per 
cent., made up of the efficiencies of transmission 
and of pumping, from the generator terminals to 
the pumps—which include losses in transformers 
and converters both at the generating and receiving 
ends, high-tension transmission system, motors 
and pumips—then the output of the generators 
would be 100,000 kW. This power may be obtained 
by means of, say, six water-turbine units, each 
giving about 20,000 kW, with a standby unit. 
The hydro-electric station would be incorporated in 
the dam building to be constructed at Nimulé, 
operating directly from the head maintained in the 
reservoir, say, 30 m.; or it may receive water by 
means of penstocks. This point would be settled 
by further investigation. 

The converter station at the transmitting or the 
receiving end, would contain six converter units 
connected to the alternating-current "bus-bar system 
by means of separate three-phase transformers the 
windings of which would be arranged to give the 
desired phase displacement. Each converter unit 
would consist of six single-phase mercury-arc main 
valves connected in the so-called double-way six- 
pulse connection. (See simplified diagram of connec- 
tions, Fig. 2, page 577.) Allsix converter units would 
be connected in series, thus raising the total number of 
pulses to 36, and thereby reducing the direct-current 
ripple to a low figure. Taking five-anode valves, 
each having 50-kV inverse voltage and a maximum 
current of 80 amperes per anode, or 400 amperes 
per valve, the output would be 20,000 kW per 
converter unit, or a total output of. 120,000 kW 
from the converter station, with a direct-current 
transmission voltage of 300 kV. The advantage 
of this method of connection is that the transmission 
voltage would be divided up between six converter 
units, Even if rectifiers could be built to stand the 


full transmission voltage, the series method of con- 
nection is preferable to the parallel method, as it 
affords better fault protection. Voltage regulation 
could be effected at the transmitting end by varia- 
tion of generator excitation, at the receiving end 
by synchronous condensers, and at either end by 
means of grid control.* 

Power transmission would be carried out by means 
of 150-kV insulated cables, extending from the 
hydro-electric station to the pumping station, which 
would be located on the White Nile at the tail end 
of the swamps, about 650 km. north of the generating 
station. It might be possible in this case to use a 
single cable and earth return, with considerable 
saving in transmission costs; but it would appear 
desirable to install two transmission cables, and to 
use earth return in case of breakdown of one of the 
cable lines. It would then be possible to continue 
power transmission at half the output if fault should 
occur in one of the transmission lines. It should 
be noted that with present state of knowledge and 
experience, direct-current transmission on the pro- 
posed scale would probably require further investi- 
gation in matters of detail as regards fault and 
short-circuit protection as well as regulation, in 
order to ensure reliability of service. 

It should be mentioned, however, that the scheme 
in question is, of course, amenable to alternating- 
current transmission, which has now been developed 
for distances of about the same itude as 
envisaged in this scheme, notably in Sweden.t In 
this case, transmission would have to be by over- 
head lines, which would run in a desolate country 
and would therefore be more costly to erect and 
maintain than the insulated cables which direct- 
current transmission would permit. 

Twenty pumps, each having a discharge of 
50 cub. m. per second, would be installed in the 
pump house, being driven by alternating-current 
motors fed from the converter station installed at the 
receiving end of the transmission line, which would 
be identical with that proposed for the generating 
end, described above. The pumping system would 
remove all excess of water beyond the carrying 
capacity of the Bahr el Gebel and Bahr el Zeraf 
channels, and, in effect, would lower the level in 
these two channels to such an extent as to prevent 
overflow of water over the banks. This also applies 
to Bahr el Ghazel, thus greatly reducing the losses 
occurring in its basin and thereby augmenting its 
input into the White Nile. 

Having now lowered the water levels in the said 
channels, river training combined with raising the 
banks by means of floating dredgers can be pursued 
gradually, being spread over many years, with a 
view to confining all the water flow into these 
natural channels so as to enable them eventually to 
carry the whole water to the White Nile, with only 
normal losses, without the aid of pumps. The 
Nimulé or Lake Albert reservoir would be utilised 
in the meantime for the regulation of the flow of 
water, so as not to overflow the banks of these 
channels. 

This training of the channels is not an essential 
part of the proposed scheme, but might be under- 
taken if it were desired to do away with the pumping 
system eventually and to resort to natural flow. 
The hydro-electric energy thus dispensed with could 
then be diverted to other uses for the development 
of the Sudan, which, by that time, might reach a 
state of advancement which would enable this power 
to be put to economic uses such as lift irrigation, 
forestry, timber, paper or rubber industries, and 
other industrial uses. 

The author’s scheme for the reduction of losses in 
the Sudd region, based as it is on an electric- 
mechanical conception, is preferable in certain 

to all other schemes previously put forward, 
which involve a large amount of excavation of 





* For a fuller explanation of this method of connection 
see “‘ Mercury Arc Oonverter Station for High Voltage 
D.C. Power Transmission,” by Uno Lamm: Proceed- 
ings of the Conférence Internationale des Grands Réseaux 
Electrique & Haute Tension, Session 1946. See also 
** Recent Research and Development Work in Sweden on 
High-Voltage Alternating-Current and Direct-Current 
Power Transmission,” by Dr. Waldemar Borgquist, 
Jl. I.E.E., April, 1948. 





t See Jl. I.EZ.E., loc. cit. 


channels, remodelling of banks, and other earth- 
work. Among the advantages claimed the followin 
may be mentioned : (1) whereas all previous scheme: 
aim at the reduction of losses sustained by the water 
carried by Bahr el Gebel from the Equatorial Lake 
district on its way to the White Nile, the propose: 
scheme has the additional advantage of reduciny 
the losses in the marshes traversed by 
Bahr el Ghazal, Bahr el Arab, and the numerous 
streams emanating from the Nile Congo and losing 
themselves in the larger Sudd region, thus augment- 
ing considerably the summer water available for 
cultivation in the Nile Basin; (2) it permits the 
cultivation of enormous areas which are at present 
waterlogged ; and (3) the scheme is amenable to 
future extension by the addition of more pumping 
units, with a corresponding increase in generation o{ 
power, which would enable more water to be drawn 
from the Congo-Nile watershed. 

Moreover, the proposed scheme affords a certain 
measure of flood protection for Egypt in the follow- 
ing manner. It is well known that during flood, 
particularly during high floods, the Blue Nile water 
flows southward in the White Nile to a considerable 
distance, the flow being arrested at points where it is 
checked by the counter-flow of the White Nile itself. 
If, now, the discharge of the White Nile, which is 
brought under full control by the use of pumping 
units in the scheme, be reduced or stopped 
altogether, the extent of the back flow of Blue Nile 
water into the White Nile trough could be greatly 
enhanced. 

The White Nile, which is approximately 800 km. 
long between Malakal and Khartoum, runs in very 
flat country with an average slope of less than 1 cm. 
per kilometre ; hence, by shutting down the pump- 
ing station and allowing the Gebel water to accu- 
mulate temporarily, during dangerously high flood, 
in the Sudd region or in Bahr el Gebel when reclama- 
tion of the Sudd area is completed, the whole of the 
White Nile trough could be used as a flood escape 
or reservoir for leading away from the Blue Nile 
the peak of its flood. It would appear, from pre- 
liminary calculations, that at least 3 milliard cub. m. 
could be stored in the White Nile trough; probably 
much more. However, further investigations would 
have to be made in order to obtain more reliable 
estimates in this respect. 





THE MECHANICS OF 
LOCKED-COIL WIRE ROPES. 


By Proressor J. A. L. Marueson. 

Tue widespread use (and misuse) of wire ropes 
in the engineering and allied industries has led to a 
considerable volume of research on their properties 
and behaviour. A large proportion of this work has 
been on stranded ropes,* consisting of six or more 
strands on a hemp or steel-wire core. Among the 
problems investigated may be mentioned the 
effective ‘‘ modulus of elasticity’ of ropes, the 
breaking loads of ropes in terms of the strengths of 
the component wires, and the stresses produced by 
bending round pulleys. In this country, the 
majority of the heavy colliery winding ropes are 
of the ‘“locked-coil” type, which possess many 
advantages, but comparatively little attention seems 
to have been directed to quantitative studies of this 
construction. 

The distinctive feature of this type of rope is that 
it consists of a single straight core wire, round which 
are arranged layers of helical wires. The details 
of the construction vary with the practice of the 
different makers, but a typical cross-section is 
shown in Fig. 1, opposite. It will be seen that 
the inner wires are circular in cross-section, and that 
the outer layer consists of Z-shaped or full-lock wires. 
Immediately under this is a layer of “‘ rod and rail” 
construction, in which round wires alternate with 
X-shaped or half-lock wires. 

The pitches or “lays ”’ of the various helical wires 
are appropriately arranged to give suitable clear- 
ances between the wires, and the direction of the 
helices, whether right- or left-hand, is arranged so 
that the tendency of the rope to rotate under load 





* “ Wire Ropes for General Engineering Purposes,” 





by N. Whincup. The Engineer, vol. 177, page 405 (1944). 














_ JUNE 18, 1948. 


























Fie. 4. Dgap-Weicut Tester ; Lower Enp. 
is small. Lloyd* gives a rule for determining 
whether the outer layer should be right-hand or 
left-hand, according to which side of the winding 
drum the rope runs on. It might be thought that 
the layers would be best arranged alternately right- 
hand and left-hand to avoid rotation under load, 
but this introduces another difficulty, that of cross- 
cutting. 

If the wires were laid in alternate directions, 
there would be point contact between the wires of 
adjacent layers, leading to intense pressure at these 
points. When the layers lie in the same direction, 
there is more nearly line contact between the wires 
and the mutual pressure is thus reduced. It is wise, 
therefore, not to change the direction of lay except 
at a rod-and-rail or full-lock layer, which presents 
comparatively smooth surfaces to adjacent wires. 
The question arises, therefore, whether it is possible 
to design ropes so that they will not rotate under 
load, and this, in turn, leads to an examination of 
the distribution of load between the wires. 

In colliery practice the cages are arranged to run 
on guide or rubbing ropes, which hang from top to 
bottom of the shaft and are often of a special locked- 
coil construction. If the winding rope tends to 
rotate under load, the cage is forced against the 
guides and the frictional drag is markedly increased. 
In extreme cases, the cages may be forced so far 
from their normal position as to touch when they 
pass the crossing point. 

If the rope tends to rotate in such a direction as to 
untwist the outer cover, these wires may become 





* “Qolliery Winding Ropes,” by H. D. L. Lloyd. 
Proc. S. Wales Inst. of Engrs., vol. 48, page 445 (1932). 
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Fie. 5. 


APPARATUS FOR APPLYING TORQUE. 


loose on the core. The action of the drum and the 
headgear pulley is to stroke the loose wires towards 
the lower end of the rope and thus to lengthen the 
“‘lay”’ at the drum end and to shorten it at the 
cage end. The outer wires are sometimes displaced 
from their proper position in this way and present 
an uneven or “‘ wavy ” appearance to the eye. In 
these circumstances, the normal partition of load 
between the wires is probably disturbed. The 
problem of rope rotation is thus of more than 
academic interest. 

It may be asked why ropes should not untwist 
completely. Why, for instance, does not a piece of 
flex carrying an electric lamp unwind until 
two wires are straight ? The explanation is that, 
as the wires are being laid, they are given an appro- 
priate twist by the mechanism of the stranding 
machine so that, in the finished article, the wires 
are not in fact twisted about their own axes, but 
are bent. At each point of the rope, the axis of 
bending lies in a plane at right angles to the axis of 
the rope, but its orientation changes continuously 
from point to point. The effect of this tech- 
nique is illustrated in Fig. 2, which shows two 
flexible cables, one of which is marked by a paint 
line along its length. On twisting these cables 
together in the manner just described, the new 
position of the paint line shows that the cables 
have been bent into their new shapes and are not 
twisted about their own axes. 

It will be seen from the above that the concentric 
construction of the locked-coil rope is essentially 
different from that of the stranded rope, made 
up of individual strands laid round a central core. 
If the latter is made of hemp, a further distinction 
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arises from the comparatively great compressibility 
of the core. It will be shown later that the behav- 
iour of the helical wires is markedly affected by the 
support afforded by the core, and it is not surprising, 
therefore, to find that the extensibility of a hemp- 
cored rope is by no means constant, especially 
during the early life of the rope, when the core is 
still settling down to its fully compressed condition. 

Stewart* found that, éven after seven applications 
of a substantial tensile load, the load-extension 
graph was still noticeably curved. It is not to be 
expected, therefore, that any theories of the 
behaviour of stranded ropes, based on the assump- 
tion of elasticity, will bear much relation to the 
actual situation, especially in new ropes. Actual 
service conditions are probably much more effective 
in consolidating the core than repeated applications 
of axial load in a testing machine, since there is 
considerable lateral pressure when the rope passes 
over a pulley; but investigations on used ropes 
are apt to be complicated by other factors, such as 
the inevitable wear which the wires undergo. 

Investigations on locked-coil ropes have their own 
difficulties, which arise principally from the fact 
that the ropes, as manufactured, have rather 
une features. The process of manufacture 
is to start with the straight core wire and to lay 
round that the six helical wires of the first layer. 
These wires are wound on bobbins, which are 
carried in a framework arranged to rotate round the 
core wire; this is carried forward at such a speed 
that the correct pitch is given to the helices. The 
component wires are formed into the rope at a die 
which must exert a considerable pressure on the 
wires, since the overall diameter of the finished 
rope is measurably smaller than the sum of the 
individual wire diameters. The tension in the core 
wire as it is pulled through the machine probably 
contributes to this result. 

The rope, at this stage consisting of seven wires, 
six helical and one straight, now becomes the 
core for the next operation, in which a further layer 
of helical wires is laid on, and so on until the final 
layer of full-lock wires is applied. At each stage, 
the wires being laid have to be pulled off their 
bobbins, and the stretch so produced is very notice- 
able if the finished rope is cut, when the resulting 
relief of tension allows the wires to spring back to 
their natural positions. The completed rope thus 





* “ Behaviour of Stationary Wire Ropes in Tension 
and Bending,” by D. M. Stewart. Proc. Amer. Soc. 
Civil Engrs., vol. 62, page 161 (1936). 
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forms a self-strained system, with the outer wires in 
tension and the inner wires in compression. 

It is usually found that the deformation imparted 
to the inner wires is so considerable that these wires 
are strained the elastic limit. When a 
rope is dismantled, the first layer is found to be 
correctly formed into helices. The deformation 
of the outer wires, however, is not so heavy and 
they tend to spring apart when the rope is cut. 
This, too, must affect somewhat the behaviour 
of the rope as @ whole. 

It has been explained above that, when round 
wires are being laid, the bobbins on which they are 
wound are so actuated that the wires are bent into 
position. This is achieved by gearing the bobbin 
carriers, or “‘ fliers,” so that they do not rotate 
about their own axes, although they do rotate 
about the axis of the rope. Shaped wires, however, 
cannot be treated in this way, since they would not 
fit together ; and, when these wires are being laid, 
the fliers are locked so that they make one revolution 
about their own axes for every revolution about the 
axis of the rope. If the resulting twist takes the 
wire beyond the elastic limit, the wire will be more 
or less ‘* dead,” with only a small tendency to revert 
to its original untwisted condition, but if the elastic 
limit is not reached the wire will tend to untwist. 

In recent years, a process has been developed for 
““preforming” the component wires of stranded 
ropes into the helical shapes they occupy in the 
completed rope. This is accomplished by causing 
each wire to between rollers as it 
travels from the bobbins to the closing die. The 
rollers strain it beyond the elastic limit, and the 
wire is thus appropriately bent. If this technique 
could be used with shaped wires their tendency to 
untwist would be much reduced, but, so far as the 
author is aware, this has not yet been accomplished. 

In view of the complications in the behaviour of 
locked-coil ropes described above, it was decided 
that the simplest possible strand, consisting of six 
helical wires over one core wire, must be investigated 
before proceeding to more complicated constructions. 
Accordingly, a number of these simple ropes was 
tested in various ways, and a theory developed which 
is in reasonable agreement with the results obtained. 
The next stage was to study ropes with two or three 
layers of round wires, and, finally, to proceed to 
ropes in which the construction included shaped 
wires. The limitations imposed by the apparatus 
available restricted the scope of the latter experi- 
ments, but it is believed that they fulfilled a useful 
purpose. These experiments are described later. 

In most of the tests on wire ropes hitherto 
described, the specimens have been tested with 
both ends secured, as in a testing machine, in such 
& way as to prevent their mutual rotation. While 
such tests are useful in determining breaking loads, 
the author believes that the behaviour of the rope 
at working loads can only be understood if it is free 
to rotate, and the a s used in the present 
tests was arranged to allow for this. 

It seems likely, too, that, close to the ends, the 
behaviour of the wires will be affected by the 
clamps or other devices used for attaching the 
sockets; therefore, as long a length of rope as 


possible should be employed in testing. Although 


decided to test by dead weight. 


of length and 
above. This 
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bending tests did not come within the scope of this 
investigation, it is probably not out of place to 
suggest that, in such tests, long specimens are 
essential. The flexibility of wire ropes derives from 
the freedom of the individual wires to slide over 
each other, and in short samples this freedom must 
necessarily 


be restricted. An analogy is to be found 


in the action of a leaf spring, in which, when properly 
lubricated, the leaves slide over each other. This 
sliding is prevented if the lubrication is faulty, and 
the spring becomes much stiffer. 


To conform with the above requirements, it was 
Accordingly, the 
upper end of the rope was carried in a massive cast- 


iron plate, shown in Fig. 3, on page 579, supported at 
the top of a framework some 20 ft. high, in which 
ropes up to about 16 ft. long could be accom- 
modated. The lower end, of the rope was hanging 
freely, and carried a bin into which weighed quantities 
of lead shot were poured as required. In this way, 
a load of up to one ton could be applied. The lower 
end of the apparatus is shown in Fig. 4, on page 579. 


The lower end also carried a circular bronze plate, 


ground flat, and provided with graduations in 
degrees round its edge. Three vertical steel wires, 


symmetrically round the rope, also hung 


from the cast-iron plate, and carried a heavy plat- 
form which was thus supported a short distance 
above the bronze plate. The change in the distance 
between these two was measured by three dial 
gauges, reading to 0-0001 in., the average of their 
readings giving the change of length of the rope. 


Any rotation of the rope was measured by 


observing the degree graduations in two telescopes, 


in line on opposite sides of the apparatus. 


Tt was found that the pressure of the dial-gauge 
plungers on the bronze plate was sufficient to 
restrict the tendency of the rope to rotate, and 
arrangements were made, therefore, to lift the 
plungers clear of the plate until this rotation was 
complete, and then to bring them down again into 
contact. 


Twisting or untwisting torques could be applied 


to the lower end of the rope by means of cords 
wound round the bronze plate, passing over pulleys, 

and carrying pans in which weights ghta could be placed. 
The arrangements for applying torque are illus- 


pom aarp he = ob ce The resulting change 
rotation was measured as described 


arrangement was adopted so that the 
measurement of change of length was inde 


pendent 
of temperature change and of possible deflection of 
the framework. Itis a modification of the apparatus 
described by Searle for determining Young’s Modulus 


for wires. 


In the early tests, the results of which were 
discarded later, the ends of the ropes were secured 
by clamps, bored to suit the rope diameter and 


fastened by high-tensile steel bolts. While these 
devices worked satisfactorily at low loads,’ slight 
slipping occurred at higher loads. The ends of the 
ropes were therefore fastened into sockets with 
white metal (B.S.S. No. 643, 1935). 
socket fitted into the cast-iron 
screwed to allow for length adjustment. 
socket carried the bronze plate. 


The upper 
plate and was 
The lower 


The sample ropes were received from the works 
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in coils, and had to be straightened before testing 
It was found that this was difficult to do by hand, 
and the ropes, after being socketed, were subjected 
to a load slightly above the working load in a testing 
machine. 

For the purpose of testing the various theories 
under consideration, accurate values of the flexural 
and torsional rigidities of the constituent wires 
of the specimen were required. These were 
obtained, in the stages of the work, by testing 
sample wires in the pons subsequently used 
for testing the ropes, but it was found that deflection 
and torsional oscillation tests gave consistent 
results more expeditiously, and all the later figures 
were obtained in this way. These wire samples 
were provided by the makers simultaneously with 
the ropesamples, and were taken from the bobbins 
of the stranding machine in which the rope had 
been manufactured. This was found to be more 
satisfactory than using straightened wires taken 
from the actual ropes used. 

Before proceeding to the analysis of the mechanics 
of ropes, it is pertinent to inquire whether they 
obey Hooke’s Law in having a linear relationship 
between load and extension. Moreover, if any 
theory based on the assumption of elasticity is used, 
the implication is that the rope obeys the principle 
of superposition. Both these points have been 
investigated in the present tests, and typical load- 
extension and load-untwist curves are shown in 
Fig. 6, on this page. All the specimens investigated 
show the same characteristics, namely, a curved 
load-extension relationship at small loads, with 
the extension per unit load diminishing to a constant 
value at some load, after which the graph is straight, 
During the early stages of all the tests, the ropes were 
observed to be straightening under load from their 
more or less kinked initial condition, and it is 
reasonable to suppose that the excessive extension 
in the early stages is due to the inevitable lack of 
straightness of the specimens. 

Subsequent unloading invariably revealed a small 
hysteresis effect, but the graphs follow the same 
general shape as on loading. The curve at low 
loads can be eliminated only by subjecting the wires 
to stresses much beyond those produced by working 
loads. In all subsequent reference to the stretch 
or extensibility of the rope, the initial curve is 
ignored and the figures calculated from the slope 
of the straight part of the graph. 

The initial lack of straightness does not affect 
the tendency of the rope to untwist to the same 
extent, and it will be noticed that the load-untwist 
graph is practically straight from the outset. 

The validity of the principle of superposition was 
studied by comparing the results of three different 
types of test. The extension and untwist resulting 
from a vertical load, the contraction and twist 
resulting from an axial twisting torque, and the 
torque required to prevent untwist under vertical 
load were ali measured in separate experiments. 
In the latter case, the extension was also recorded. 

Suppose the 100-Ib. increment of load produces 
an extension 8h, and an untwist 8@,, and that a 
torque of 1 lb.-in. produces a contraction 8h, and 
a twist 80,. Then, if the rope is prevented from 
untwisting under vertical load, the torque required 


_-—_ a Ce 





us 3, 19. 


should be a6; lb.-in., and the resulting net exten- 


t) 
sion should be 5h, — dh, (2) per 100 Ib. Calcu- 
2 
lations of this sort were made for all the ropes ; the 
following figures apply to rope 5 and are reason- 
ably typical. 


Under 100 Ib. load, 5h, = 167-7 = 10~* in. extension ; 
50, = 16-42 deg. untwist. 
Under 1 Ib -in. torque 
dh, = 28-7 x 10-4 in. compres- 
sion ; 
50, = 8-41 deg. twist. 
16-42 


Torque to prevent untwist = oar = 1-952 Ib.-in. 


Extension under 100 Ib. load, with untwist prevented, 
should be (167°7 — 1-952 x 28-7) x 1074 
= 111-7 x 10-* in. 
The results of experiment were 1-943 Jb.-in. and 
114-8 x 10-‘ in. extension, respectively. 

Tbe principle of superposition does not apply 
rigorously, as might be expected, and therefore the 
following theory cannot be regarded as a complete 
explanation of the behaviour of these ropes. It is 
doubtful, however, whether any theory can be pro- 
duced which will take account of the effect of 
friction between the wires and of the undoubted 
influence of manufacturing conditions, although it 
might be possible to allow for these effects by means 
of coefficients based on the results of a large number 
of experiments. 


The description of locked-coil ropes given above | 


is sufficient to show that the behaviour of the rope 
as a whole can only be understood when the be- 
haviour of the individual wires, or at least of the 
individual layers, is known. It seems reasonable 
to suppose that, except close to the ends where the 
anchorage afforded to each wire may not be quite 
the same, all the wires in a particular layer will 
behave alike. The rope can be regarded therefore 
as being built up of concentric layers, each layer 
having its own properties and contributing its share 
towards the action of the rope as a whole. 

This conception gains support from Fig. 7, 
opposite, which shows the load-extension curves of 
two locked-coil ropes, tested after being discarded 
from use in a colliery. The outer layer of rope B 
was noticeably loose on the core before test, and at 
low loads the extension of this rope was propor- 
tionally greater than at higher loads, due to the 
fact that the outer layer was not taking its share of 
the load. At about 6,000 lb., the outer cover became 
tight and the deflection per unit increment of load 
diminished. Rope A, the outer cover of which 
seemed to be tight, as far as could be judged by eye, 
showed the same tendency, but to a much smaller 
extent. (The ropes differed somewhat in size and 
construction, so that the final slopes of the straight 
parts of the graphs are different.) 

The simplest form of concentric rope is composed 
of a single straight core wire with a layer of helical 
wires laid round it, and attention has been concen- 
trated on this fundamental construction. The 
shape of the curved wires suggests that they might 
be considered as open-coiled springs, but there is a 
striking difference between the behaviour of a 
helical wire by itself and the same wire when it is 
laid over a core wire; the former tends to twist 
under axial tensile load, and the latter to untwist. 
(The word “twist ” is used to mean a tendency to 
rotate in such a direction as to increase the number 
of coils.) 

Several possible explanations of this phenomenon 
have been considered, but there is now little doubt 
that the difference lies in the fact that the diameter 
of the free helix can and does diminish under load ; 
the core wire of the rope prevents any such diminu- 
tion of the diameter of the helices laid round it. 
The diameter referred to is that of the generating 
cylinder of the helix. 

Experimental evidence on this point is provided 
by the results of a series of tests conducted on a 
particular specimen, rope 3. The complete rope 
consisted of six wires, each 0-1109 in. in diameter, 
laid over a core wire 0-1545 in. in diameter. The 
rope as a whole untwisted under load. A single 
helical wire taken from the rope twisted under load 
when tested alone. The rope was then taken to 
pieces, care being taken not to distort the wires 
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permanently, and the core wire was cut up into 
short lengths, each about 1 in. long. A hole was 
drilled into one end of each of these short lengths, 
and a spigot turned on the other. The rope was 
then reassembled with the spigot of each short 
length of core fitting into the hole in its neighbour. 
In this way, the strength of the composite core was 
reduced to the frictional force required to make the 
spigots slide in the holes. The possibility of the 
influence of the core wire on the helical wires being 
due to vertical forces was thus virtually excluded, 
but the reconstructed rope under test showed its 
original tendency to untwist. The extension, of 
course, was increased. 

Further evidence comes from the results of tests 
on two ropes which were specially manufactured 
with a rather short lay. Owing to the technical 
difficulty of achieving such a lay, the strands were 
not perfectly tight, and there were visible gaps, 
in places, between the helical wires and the core 
wire. The action of these ropes, as revealed by the 
experiments, can be explained, to a reasonable 
degree of accuracy, by an analysis employing the usual 
helical-spring formule This involves the assump- 
tion, of course, that the diameter of the helix can 
diminish, which could and did occur in these cases ; 
and leads to an examination of the behaviour of a 
helical spring, the diameter of which is prevented 
from diminishing by the presence of a core wire. 

(To be continued.) 
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Theory of Servomechanisms. Edited by PROFESSOR 
HUBERT M. JAMES, NATHANIEL B. NICHOLS, and 
ASSOCIATE PROFESSOR RALPH S. PHILLIPS. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 5 dols.]; and 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 308,)} 

Tus book is the 25th of a series of texts issued from 
the Radiation Laboratory of the Massachusetts 
Institute of Technology with the object of putting 
on record, as soon as war-time security per- 
mitted, the great body of new knowledge in elec- 
tronics and high-frequency technique that has been 
accumulated in the development of military equip- 
ment, but which, henceforward, may be of general 
value to science and engineering. Not all servo 
systems fall within this domain, but such as do— 
more particularly, those used for the automatic 
tracking of radar and gunnery control—have had 
devoted to them during the war such intense and 
comprehensive attention as has produced almost an 
entirely new branch of applied science, having its 
own theoretical background and special methods of 
mathematical treatment. 

One of the major purposes of the book is to 
present theoretical solutions of the problems which 
arise when the input signals to a servomechanism are 
seriously distorted by various forms of electronic 
interference. Broadly, therefore, the servomechan- 
ism is treated as a device intended to deal with 
characteristics of input and interference that can 
be formulated by harmonic analysis or expressed 
statistically, in either case applied to apparatus in 
which electronic elements predominate, but which 
involve mechanical output. An introductory chap- 
ter, in which servo systems are classified and briefly 
analysed in principle, is followed by a discussion of 
fundamental mathematical concepts in which servo- 
mechanisms are regarded as a special class of filters, 
and the relations between input and output are 
developed with respect to response. These ideas 
are exemplified for physical devices that are common 
components of electronic servo loops, after which 
the general design principles for dealing with single 
and multiple input variables are studied by analy- 
tical and graphical methods, among which those due 
to Nyquist figure prominently. The treatment of 
intermittent data supplied in discrete pulses com- 
pletes a theoretical stage throughout which the 
input to the servo can be regarded as capable of 
formulation. Subsequent chapters deal with the 
statistical description and mathematical expression 
of time-variable data and the application of the 
root-mean-square output error criterion to the 








choice of the optimum design for a servomechanism 
of any given type. Finally, the principles under- 
lying the determination of servo designs best suited 
for general types of input signal are indicated, over 
a limited range of mechanism, and the r.m.s. error 
criterion is exemplified in the special case where a 
human operator constitutes an integral “ bio- 
mechanical ”’ link in a manual tracking servo system. 

While the foregoing cursory outline of the scope 
of the book attempts to emphasise the insistence of 
its several authors on the need to specify the 
quality of servomechanism performance, and to 
predetermine theoretically how far a desired per- 
formance is likely to be achieved by alternative. 
systems, it has done little more than imply that an 
immense field of novel theoretical analysis has been 
very concisely surveyed. The treatment is, indeed, 
almost entirely mathematical, of a character that 
most engineers would rightly regard as formidable 
and even the specialist designer of servomechanisms 
would consider advanced ; but without doubt it is 
a fine piece of work, compiled by several authorities, 
each expert in a particular aspect, and competently 
edited into a compact whole. The American 
authors have incorporated the results of much 
work carried out in Britain, Canada and other 
Dominions, the importance of which they acknow- 
ledge. To all such participants in a great co-opera- 
tive enterprise, this collective volume is at once an 
appreciative tribute and an appreciated source of 
future reference and inspiratien. 





Practical Photomicrography. By R. F. E. MILLER. 
Percival Marshall and Company, Limited, 23, Great 
Queen-street, London, W.C.2. [Price 5s. net.] 

SHovuLp there be any individual entirely without 
knowledge of microscopy or photography and with 
the courage to essay both at once, this little book 
will be welcome to him. No doubt, it will prove 
helpful also to those who wish to make an approach 
to the branch with which they are unfamiliar. It 
is reasonably concise, admirably understandable, 
and supported by illustrations which wiil not confuse 
the inexperienced and, except for an occasional 
lapse to the personal pronoun, well written. There 
is, however, one noticeable departure from clarity 
in the text relative to the construction of a camera 
shutter, which, unfortunately, is not remedied by 
an inspection of the accompanying illustration. In 
anendeavour to condense two subjects into one book, 
omissions are apt to arise and, accepting the axiom 
that it is the first step which counts, it might have 
been wiser to give some warning on such matters 
as hollow magnification, and the creation of inaccu- 
rate images by the use of excessively small stops 
in the substage condenser. Furthermore, the great 
opportunity offered by such a book as this to start 
the tyro with the benefits of recent knowledge, has 
not been fully utilised. It may well be asked, what 
is the real advantage of a long exposure, with the 
ever-present risk of vibration, as against the merits 
of short exposures ? In earlier days, no doubt, the 
difficulty was absence of suitable light sources, 
and, it may be, of photographic materials; but in 
these times a Photoflood lamp, in association with 
a simple circuit to control brilliance while visually 
setting up, opens great possibilities. A few simple 
wrinkles could contribute much ; such, for example, 
as fixing a cover glass with balsam to the ground- 
glass focusing screen so as to get the advantage 
of both clear and ground glass without risk of 
disturbing the set-up by changing glasses. Useful 
tables and formule are given, and the glossary 
mentions terms not referred to in the text ; possibly 
to prepare the reader to tackle a more advanced 
work with greater facility. 





“TRADE APPRENTICESHIP.”—We have received from 
Messrs. Harland and Wolff, Limited, a copy of a brochure 
prepared by the firm, and bearing the above-mentioned 
title, to indicate to youths about to enter industry from 
school, and to their parents and guardians, the facilities 
offered to apprentices in the Harland and Wolff shipyards 
and engine works to learn a trade and to obtain the tech- 
nical education appropriate to the branch that they select. 
Copies may be obtained from the employment manager, 
Harland and Wolff, Limited, Diesel Engine Works, 
Finnieston, Glasgow, C.3. 
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THE WELDABILITY OF STEELS, AND 
A NEW WELD-CRACKING TEST.* 


By P. L. J. Leper, M.Se. 


(Concluded from page 575.) 


THE work which has been carried out using this 
cracking test has all been in connection with the weld- 
ing of high-tensile alloy steels (75 to 100 tons range) 
using both austenitic and ferritic electrodes, and the 
majority of the tests have been directed at establishing 
the relationships between welding conditions (including 
electrode materials), stresses developed, and resulting 
cracking behaviour. 

The first tests were carried out using austenitic 
electrodes, and from these it soon became apparent 
that, contrary to expectations, the welds which cracked 
were not subjected to higher stress levels than those 
which did not crack. There was, in fact, a marked 
tendency for the stresses in the cracked welds (prior to 
cracking), to be lower than those reached in the un- 
cracked welds. The first pair of test plates, which 
were welded with an austenitic electrode known to be 
satisfactory, remained uncracked, whereas the second 
pair, which were welded with an electrode known to 
be more liable to cause cracking, cracked within half 
an hour at a cylinder load 9 per cent. lower than that 
recorded by the uncracked weld. 

This was an important result since it indicated that 
cracking behaviour was probably a function more of 
the properties of the heat-affected zone than of the 
stress level reached. The inability of ferritic electrodes 
to weld high-tensile steel had been commonly ascribed 
to their lower ductility—as compared with austenitic 
electrodes—which was considered to cause higher 
stresses in the weld. Nevertheless, in these tests, the 
welds fractured at stress levels only one-third to one- 
half of those reached in austenitic welds, thus showing 
not only that stress level was not the primary cause of 
weld cracking, but also that the stress level reached in 
a weld is not dependent to any important extent upon 
the properties of the weld metal. 

On theoretical grounds it can reasonably be argued 
that under given conditions of joint geometry and 
external restraint, the transverse stress in a weld 
is principally determined by the volume of weld metal 
deposited, its thermal expansion characteristics and the 
heat input, and the results obtained provide evidence 
that that is, in fact, the case. Thus, for example, it 
was found that a progressive increase in the size of the 
root gap, and hence in the volume of the weld metal, 
caused a corresponding increase in the load on the 
compression cylinders. Furthermore, it has been noticed 
frequently that stresses (as indicated by the load 
on the cylinders) tend to be higher in welds with heavy 
reinforcement than in shallower welds. Similarly, it 
is interesting to note that, in those tests employing 
14 mm. plate, the average cylinder load for an un- 
cracked austenitic weld made under normal conditions 
is about 18 tons (this is also confirmed by a number of 
other tests not here recorded), whereas in those with 
12 mm. plate and therefore a smaller ‘‘V ” volume the 
average load is about 13 to 14 tons. The effect of heat 
input is demonstrated by tests where the cylinder load 
is increased to 16-5 tons by the use of heavy currents. 

The load-versus-time curve obtained with a ferritic 
electrode provides further interesting information. 
All the evidence strongly suggests that, with a given 
set of conditions of size of weld, temperature of de- 
posited metal, etc., there is a more or less constant load 
versus time curve for that weld, whatever weld metal 
or parent material is used, and that the performance of 
materials under test can be measured by the point on 
the curve at which fracture, if any, occurs. When 
austenitic welds crack, fracture occurs at a point on 
the horizontal of the curve after completion of the 
weld. In the case of the ferritic weld in one test, it 
can reasonably be argued that fracture occurred at a 
point on the curve leading up to this level. In fact, 
as will be seen later, in welds made with ferritic elec- 
trodes which do not cause cracking, the cylinder loads 
rise to a similar level as in uncracked austenitic welds 
and the load curves become substantially the same. 

The next group of tests concerned the effect of post- 
heating and, following upon that, the effect of energy 
input, since it was considered, and subsequently con- 
firmed, that the principal effect of increasing the heat 
input of a weld is to delay the rate of cooling. A 
manganese-nickel-chromium-molybdenum steel con- 
taining 0-34 per cent. carbon which was known to 
have poor weldability was welded under standardised 
conditions without any post-heating. This weld cracked 
severely within a few minutes of the completion of 
both the second and final runs, and at a reduced stress 
level. When, however, an exactly similar weld was 
post-heated, by means of an oxy-acetylene flame of 
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250 litres per hour, for 5, 5, and 8 minutes respec- 
tively after each run, no cracking occurred within the 
three weeks during which the test plates were under 
observation, and furthermore the compression cylinder 
load rose to a level similar to that of an uncracked weld 
in a lower carbon steel, of the same type, which did not 
require post-heating. The importance of this result 
is that it shows that the improved resistance to crack- 
ing, as a result of post-heating, is not due to stress 
relief and must, therefore, be due to an improvement in 
the mechanical properties of the heat-affected material. 
The beneficial effect of post-heating is, of course, well 
known, and in practice temperatures as low as 100 deg. 
C. have been found to be effective. 

With regard to the effect of energy input, tests con- 
firmed that an increased heat input causes a slower 
cooling rate after welding, although, as was subse- 
quently found, this decrease in cooling rate is small 
compared with that caused by a relatively small 
amount of post-heating with a small oxy-acetylene 
flame. In tests which were carried out using the high- 
carbon manganese-nickel-chromium-molybdenum steel, 
it was found that decreasing the cooling rate resulted 
in a progressive increase in resistance to cracking. On 
the basis of these results, it can be inferred that—other 
things being equal—increased energy input should 
decrease the likelihood of cracking. In actual fact an 
anomalous result occurred, in that -in. diameter 
electrodes caused cracking, and it appears that in these 
particular tests the use of the larger electrodes intro- 
duced a factor overriding the beneficial effect of the 
retarded cooling rate. As will be seen later, this factor 
may well have been a higher hydrogen content in the 
coating of the larger electrodes. (The compositions of 
the coatings of commercial electrodes sometimes vary 
from one gauge to another.) 

Calculations on the load values obtained suggest 
that the mean stress across the welds in all these tests 
may have been of the order of 30 to 40 tons per square 
inch—values which would not in themselves be expected 
to cause cracking in hardened steel. Low values for 
the stress across a weld have been reported by various 
other observers. Rollason and Cottrell with a different 
test apparatus arrived at a value of about 50 tons per 
square inch while Hanson and his associates found 
values ranging from 13 to 40 tons per square inch accord- 
ing to the test conditions. 

The principal conclusions to be drawn from the test 
results can be summarised as follows. The transverse 
stress on a weld is determined principally by the volume 
and thermal characteristics of the weld metal deposited 
and the heat input, and is relatively little affected by, 
the mechanical properties of the weld metal. The 
stress developed in an uncracked weld made with ferritic 
electrodes is not greater than that of a similar un- 
cracked weld made with austenitic electrodes, but is, 
in fact, less by an amount approximately proportionate 
to the difference in the respective coefficients of thermal 
expansion. Cracking results from an inability of the 
heat-affected zone to carry the normal stress. A weld 
does not crack because the stresses are abnormally high, 
but because the area which cracks is unusually weak. 

Thus, a weld made with a good austenitic electrode 
which does not cause cracking develops the same 
stress as, or greater stress than, a weld made with a 
poor austenitic electrode, with a marked tendency to 
cause cracking. A weld in high-tensile steel made with 
an ordinary ferritic electrode, which cracks violently, 
cracks at an exceptionally low level of stress. When the 
ferritic electrode is so modified that cracking is pre- 
vented, the stresses developed are increased to a 
similar Jevel as is obtained with an austenitic electrode 
which does not cause cracking. With high-carbon, 
high-tensile steel, which cracks even with a good 
austenitic electrode, the stress at the moment of 
cracking is less than is obtained with a low-carbon, 
high-tensile steel which does not crack when welded 
with the same electrode. When this high-carbon steel 
is post-heated after welding, the cracking is prevented 
and the stress then rises to the same value as is obtained 
with the low-carbon steel, which also does not crack. 
Variations in technique affect the stress levels in so far 
as they influence the heat input and amount of weld 
metal deposited, but have little direct effect on the 
cracking behaviour. 

From the above summary it appears that cracking 
in high-tensile steels is probably due to one or both of 
two causes, firstly : an intrinsic lack of ductility in the 
martensite produced in the heat-affected zone, and 
secondly: an additional weakness which can be intro- 
duced through the electrodes. The former weakness, 
the exact nature of which is still somewhat uncertain, 
will be seen to be consistent with the low stress values 
which several observers have found to be sufficient to 
cause cracking. Both these possible explanations have 
been individually explored by different investigators. 
The remainder of the experimental work carried out on 
the Mond weld-cracking test jig, which is still to be 
described, was concerned with the second theory, 
namely: the introduction of a source of weakness 
through the electrode. In order, however, to keep the 





two theories in the right perspective it is necessary to 
refer also to the first-mentioned theory. 

In their paper of 1944, ‘* Researches in Alloy Steet 
Welding,” Hanson and his associates have put forward 
a theory of cracking, based on a considerable amount of 
experimental evidence, in which hardened-zone crack- 
ing is attributed to a combination of stress mosaics and 
major welding stresses. They point out that any 
explanation of the failure of a component must be pri- 
marily concerned with the strength of the material, 
and the stresses acting on it. It had always been 
assumed previously that since cracking difficulties are 
almost invariably associated with restrained welds, 
the reaction stresses must be of a high order and con- 
stitute in themselves the chief cause of cracking. 
Nevertheless, contrary to expectation, the experimental 
results obtained with their test apparatus had indicated 
that the transverse reaction stresses (which were 
sufficient to cause cracking) were very low—of the order 
of 23 tons per square inch and less. This surprising 
result has been obtained independently by various 
investigators, including the present author. The low 
order of the reaction stress has also been deduced on 
theoretical grounds by Cottrell. 

A reason has thus to be sought to explain why these 
low reaction stresses are sufficient to crack hardened 
zone material which can reasonably be expected to 
have the high tensile strength normally associated with 
martensite. The possibility that the cracking is 
directly due to the large-scale dimensional changes 
accompanying the martensite transformation has been 
disproved by Rollason and Cottrell, and Cottrell has 
since shown that the cracking is not caused by subse- 
quent propagation of microcracks produced at the time 
of this transformation. 

Hanson puts forward the following explanation. As 
is well known, the austenite to martensite transforma- 
tion can give rise to patterns of internal microstresses 
which exist in equilibrium between the grains. Lucas 
and Davenport, Ross and Bain, have shown the 
prevence of minute cracks in fully hardened steels, thus 
indicating the high level to which these microstresses 
may rise. It is usually considered that the effect of 
stress mosaics is neutralised by the superimposition of 
a large-scale macrostress, but Cottrell has shown on 
mathematical grounds that this is only true if the 
ductility of the material is above a certain critical value, 
of the order of 1 or 2 per cent. Hanson suggests that 
the ductility of hardened-zone material may well fall 
below this value. The appearance of the fracture in a 
heat-affected zone is characteristically brittle, and pre- 
liminary work by Cottrell goes to show that the ductility 
of martensite is progressively decreased as the harden- 
ing temperature is increased. It seems likely that in 
the case of material hardened from temperatures near 
the solidus (as in the case of a weld) the ductility may 
fall below the critical value referred to above. In 
conclusion, therefore, it is suggested that hardened 
zone cracking is initiated by a combination of micro- 
and macro-stresses, and propagated by the main trans- 
verse welding stress. 

Hopkin has recently published, in a most important 
paper, the results of investigations in which he has 
revealed a hitherto unsuspected factor which appears 
to have a profound influence on the incidence of crack- 
ing, namely: the effect of hydrogen. In the past, as 
already mentioned, the view was generally held that 
cracking in welds was associated only with the intrinsic 
brittleness of martensite, combined with the presence 
of multi-axial stresses, and the differences which 
existed between austenitic and ferritic electrodes were 
ascribed to the differences between the mechanical and 
thermal transformation properties of the two types of 
deposit. When welding a high-tensile, nickel-chro- 
mium-molybdenum steel, under restraint, with various 
austenitic electrodes, however, Hopkin found marked 
differences between the different makes in their ten- 
dency to induce cracking. Since the tests were all 
carried out under identical conditions, and the electrodes 
were all of the 19 per cent. chromium, 9 to 10 per cent. 
nickel type, the embrittling effects due to ‘‘ normal ”’ 
causes were obviously very similar in each case, and the 
question arose whether additional embrittlement could 
be introduced by certain electrodes and not by others. 

Bearing in mind the well-known embrittling effect of 
hydrogen in steels, it seemed possible that this might be 
the factor causing the excessive embrittlement with 
certain electrodes, the source of the hydrogen being 
organic material and free or combined water in the 
flux coating. Such material would be dissociated in 
the arc, and the hydrogen absorbed by the steel. A 
series of tests were accordingly carried out to test this 
hypothesis, and striking confirmation was obtained. 
Thus, the removal of hydrogen from poor quality elec- 
trodes, having a marked tendency to cause cracking, 
by baking at temperatures from 120 to 640 deg. C. 
(248 to 1,184 deg. F.) to drive off the free and com- 
bined water, resulted in a considerable improvement 
in their performance. Conversely, the addition of 
hydrogen to a normally satisfactory electrode—by 
giving it an additional coating of kaolin and sodium 
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silicate—was found to increase considerably its ten- 
dency to cause cracking. It was also found that 
severe cracking could be caused by directing a jet of 
hydrogen into the arc of a weld being made with a satis- 
factory electrode which would not otherwise cause 
cracking. 

When it had been established that hydrogen was a 
controlling factor in the tendency of austenitic elec- 
trodes to cause cracking, attention was given to the 
question of whether it might be equally important in the 
case of ferritic electrodes. Some ferritic electrodes 
were therefore prepared by Hopkin, using a flux as free 
as possible from hydrogen-bearing constituents, while 
in another series of electrodes, increasing additions of 
hydrogen-bearing constituents were made. It was 
found that the substantially hydrogen-free electrodes 
were superior to any commercial brand of ferritic elec- 
trode, while those with increasing hydrogen contents 
became increasingly liable to cause cracking. 

A series of such ferritic electrodes, containing various 
amounts of hydrogen in the coating in the form of 
sodium ricinoleate, and a further series containing 
additions of magnetic iron oxide intended to combine 
with any hydrogen present, all of which were made by 
Hopkin, were tested by the author in the Mond weld 
cracking test jig. From the results it was found that 
the tendency to cause cracking increased with increas- 
ing content of sodium ricinoleate, while, on the other 
hand, considerably better results were obtained with 
the iron-oxide containing electrode, that containing 
10 per cent. magnetic iron oxide being, in fact, the 
first ferritic electrode tested on this jig to produce a 
completely uncracked weld. It is also very interesting 
to note that, in this successful ferritic weld, the stress. 
level reached was as high as that for a typical un- 
cracked austenitic weld. This is consistent with the 
hypothesis that in this particular ferritic weld, the 
source of weakness has been removed, so that the load 
versus time curve can follow the standard course for 
this size of weld. 

The general theory put forward by Hopkin to 
explain the action of hydrogen in welds is based on the 
greater solubility of hydrogen in y-iron (austenite) 
than in «-iron (ferrite), and the fact that hydrogen will 
diffuse through steel in the direction of lower concen- 
tration. During the welding operation the gas evolved 
around the are contains hydrogen or hydrogen com- 
pounds, which dissociate in the arc, and the atomic 
hydrogen so produced goes into solution in the molten 
metal. After welding, the weld metal contains a high 
concentration of hydrogen, and the adjacent plate 
material also contains some hydrogen, although prob- 
ably at a lower concentration. Consequently, in the 
case of ferritic weld metal, which throws the hydrogen 
out of solution, there will be a steady diffusion of 
hydrogen from the weld metal towards the adjacent 
heat-affected parent plate. Although there will also 
be some diffusion, from the latter towards the plate, of 
still lower concentration farther back, this will be 
slower on account of the lower temperature, and the 
overall result will be the maintenance in the heat- 
affected area of at least the concentration existing 
immediately after welding, and probably a tendency 
to increase. In the case of an austenitic weld, how- 
ever, the weld metal will retain the hydrogen in solu- 
tion, and since the adjacent plate material will be 
losing hydrogen to the areas of lower concentration 
farther from the weld in the same way as before, the 
result will be a decrease in the hydrogen content of the 
heat-affected area. 

The fundamental difference between austenitic and 
ferritic electrodes in regard to their ability to weld 
high-tensile steels is thus explained in terms of the 
amount of hydrogen which can diffuse into the stressed, 
and intrinsically brittle, heat-affected zones produced 
by the two types of electrode. Furthermore, although 
ferritic electrodes may be greatly improved in their 
performance by control of the potential hydrogen con- 
tent of their coatings, they can never be made as good 
as austenitic electrodes, since hydrogen can be picked 
up from other sources such as water vapour. 

In order to establish this theory, Hopkin carried out 
some interesting tests in which he measured the 
amounts of gas diffusing out of single bead deposits 
made with various electrodes. The amount of this gas, 
which was found by analysis to contain at least 95 per 
cent. hydrogen, diffusing at room temperature out of an 
ordinary ferritic weld, was two to three times as great 
as that evolved from a deposit made with the special 
low hydrogen-containing electrodes, while in the case of 
austenitic deposits, the amount evolved was practically 
nil. In this connection it is interesting to note that the 
mechanical properties of welds have been observed by 
several investigators to improve with the elapse of time 
—a fact consistent with the hydrogen hypothesis. 

It will be seen that the hydrogen hypothesis is very 
consistent with the results obtained with the Mond 
weld-cracking test jig, which all point to a weakness 
developed in the heat-affected material by the welding 
operation. As already mentioned, this weakness can 
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time at surprisingly low temperatures, and it is interest- 
ing to recall the well-known fact that h 
embrittlement of steels which have been pickled can be 
eliminated by immersion in boiling water, which 
amounts to tempering at 100 deg. C. The hydrogen 
theory also indicates limits which must be placed on the 
application of the relationships between hardness and 
ductility, discussed earlier in this paper. With the 
lower-alloy steels they work fairly satisfactorily, since 
the ductilities can be readily maintained at levels at 
which the hydrogen effect is not important, but with the 
higher-alloy steels, which develop fully martensitic 
heat-affected zones under almost any welding con- 
ditions, the lower margins of ductility allow the 
additional embrittling effect of hydrogen to become a 
critical factor. 

Thus, it may be concluded that at the present time, 
views on hardened-zone cracking tend to fall into one or 
other of the two schools of thought represented by the 
microstress and hydrogen theories respectively. A 
dispassionate consideration of the facts must, however, 
lead to the conclusion that each theory is valid, and 
that they are complementary to each other. Thus, for 
example, the microstress theory will not explain why 
perfectly savisfactory welds can be made by the flash- 
butt resistance process in steels which would almost 
certainly crack if arc welded in the same section, 
despite the fact that the thermal cycle is very similar in 
each case. A very likely explanation of the phe- 
nomenon is that it is due to the almost complete 
exclusion of hydrogen from the former process. On the 
other hand, although there is ample evidence to show 
that hydrogen can be a most important factor, never- 
theless cases arise where steels of similar composition 
and hardenability exhibit marked differences in 
weldability when welded with the same electrode, 


In such a case the difference in behaviour may well be 
due to a different response to heat treatment near the 
solidus, with a consequent difference in the importance 
of the stress mosaics produced. In this connection it 
is also interesting to consider the possibility that steel- 
making factors may contribute towards the weldability 
ofasteel. Thus, for example, the degree of de-oxidation, 
or the distribution of de-oxidation products may 
influence the manner in which the martensite trans- 
formation is initiated, and hence the nature of the 
stress patterns set up. 





SCOTTISH HYDRO-ELECTRIC 
POWER SCHEMES. 


Tue Loch Sloy scheme of the North of Scotland 
Hydro-Electric Board has been described in our 
columns on several occasions, but we may remind our 
readers that the Loch lies west of the head of Loch 
Lomond and that the scheme provides for a dam 
160 ft. in height at the outlet of the Loch, connected 
through a tunnel and pipes to a power station on the 
borders of Loch Lomond. The Board have now pub- 
lished details of two schemes which are intended further 
to develop the water-power resources of parts of Dun- 
bartonshire and Argyllshire. One of these constitutes 
an extension of the Loch Sloy scheme and will provide 
additional output from the Loch Sloy generating 
station on Loch Lomondside. The other scheme is 
intended to harness the waters of the Allt-na-Lairige 
and utilise them in a station built on the left bank of the 
River Fyne near its junction with the Allt-na-Lairige. 
The combined estimated cost of the two new schemes 
is 905,000/. The extension of the Loch Sloy scheme 
willincrease by about four square miles the Loch Sloy 
catchment area, making it about 31-5 square miles 
instead of the present 27-5 square miles. The total 
output of the generating station at Inveruglas will be 
raised to 115 million units from its present figure of 
100 million units per annum. The new sources from 
which water will be drawn willinclude tributaries of the 
Allt Coire Croe, Allt Sugach, Allt A’Bhalachair and 
certain untapped tributaries of the Inveruglas Water 
and the Allt Arnan. The water will be led, by means 
of five new aqueducts, into streams which flow into 
Loch Sloy. Two of the aqueducts will be in Argyllshire 
and three in Dunbartonshire. 

The second new scheme, the Allt-na-Lairige project, 
provides for the construction of a concrete dam, 1,250 ft. 
long and 70 ft. high, across the river some distance 
aboveits junction with the River Fyne. The generating 
station will operate under a gross head of 810 ft. and is 
designed to produce 18 million units per annum; it 
will have an installed capacity of 5,000 kW. The 
new works will include the construction of five aque- 
ducts which, with the Allt-na-Lairige basin, will give 
the new reservoir a total catchment area of six square 
miles. The output from the station will be transmitted 
to the Clachan generating station of the adjoining Shira 
scheme. The combined output from these, after 
transmission to the Inveruglas substation, where it is 
joined by the output from Loch Sloy, will pass to the 
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THE ‘*MAMBA’’ GAS-TURBINE 
PROPELLER AIRCRAFT ENGINE. 


ALTHOUGH the existence of the Mamba gas-turbine 
propeller engine was announced in September, 1946, 
it is only recently that details of its construction have 
been released for publication. Since the first announce- 
ment, however, the engine has been improved consider- 
ably and it is now capable of developing 1,010 pro- 
peller shaft horse-power for take off, to which may 
be added 307 lb. thrust from the exhaust jet. The 
engine made its first flight at Hamble during October 
of last year, for which purpose it was fitted with a 
three-bladed airscrew having a diameter of 10 ft. and 
installed in the nose of a suitably modified Lancaster 
aircraft. On February 21 of this year it completed 
successfully the Air Ministry 150-hour Civil and Military 
type test, and on June 17 a Balliol aircraft flew with a 
Mamba engine as its power unit. 

The Mamba is manufactured by Messrs. Armstrong 
Siddeley Motors Limited, Coventry, who, since the 
introduction of jet propulsion, have maintained that 
the combination of the gas turbine and a propeller 
forms an attractive power plant for aircraft which are 
unsuitable for the high speeds associated with the 
highest efficiency for pure jets. A photograph of the 
exterior of the Mamba engine is reproduced in Fig. 1, 
on page 584, while details of its construction can be 
seen from the drawing reproduced in Fig. 6, on page 
588, which shows a longitudinal section through the 
vertical centre line of the engine. In its main essen- 
tials, the Mamba consists of an axial-flow compressor 
which delivers air to six combustion chambers arranged 
around the axis of the compressor shaft, and a two-stage 
turbine. The turbine is coupled directly to the com- 
ressor rotor and the airscrew is driven from the forward 
end of the compressor through an extension shaft and 
epicylic reduction gearing. 

Air enters the compressor through an annular air 
intake facing forward and passes directly to the 
compressor. The air leaves the compressor at a pres- 
sure of 60 lb. per square inch and a temperature of 
approximately 230 deg. C., and passes through a 
diffuser which reduces its velocity, after which it enters 
the combustion-chamber manifold where it is directed 
into the six combustion chambers. About one-fifth 
of the total mass of air enters the flame tubes for 
primary combustion, the remainder flowing between 
the flame tubes and their outer casings. The mixture 
burns inside the flame tubes at a strength of approxi- 
mately 15 to 1 by weight and at a temperature of 
approximately 2,000 deg. C., the overall mixture 
strength, that is, the weight of air entering the com- 
bustion chambers in relation to the fuel consumed, being 
in the neighbourhood of 55 to 1 at sea-level take-off 
static revolutions per minute. The products of com- 
bustion pass from the combustion chambers into an 
annulus at the entry to the turbine, and then through 
the nozzles and blades of the two-stage turbine. The 
pressure of the gases at the entry to the turbine is 
approximately 57-5 lb. per square inch, and this 
falls to a static pressure of 1? Ib. per square inch 
below atmospheric at the turbine exit. The absolute 
gas velocity on the mean radius of the turbine disc at 
the first nozzle is 2,000 ft. per second, and the axial 
velocity at the outlet into the exhaust cone is 855 ft. 
per second at sea-level take-off static revolutions per 
minutes. The turbine develops a total of approxi- 
mately 2,700 h.p., of which 1,650 h.p. is absorbed in 
driving the compressor. After leaving the turbine, 
the gases pass to atmosphere through an exhaust cone 
and propelling nozzle at a velocity of approximately a 
third of that for a pure jet engine. 

The axial-flow com r has ten stages and a 
compression ratio of 5 to 1 at maximum sea-level take- 
off static revolutions per minute. Its major com- 
ponents are illustrated in Figs. 2 and 3, on page 584, 
the rotor assembly being shown in Fig. 2 and the two 
halves of the stator casing and blading in Fig. 3; 
Fig. 2 also shows the power turbine wheels and blading. 
The rotor consists of a stainless-steel drum fitted at 
each end with steel shafts, which are bolted through 
flanges to the front and rear faces of the rotor. The 
front shaft is supported by an angular-contact double- 
row ball bearing and the rear shaft by a single- 
row roller bearing; the forward bearing can be seen 
in Fig. 2, but the rear bearing is masked by the com- 
pressor blading, the roller race visible in the illus- 
tration being for the turbine wheel assembly. The 
method of fitting the moving blades to the compressor 
drum is best illustrated in the drawing reproduced as 
Fig. 7, on page 588. The blades are supported from 
the rotor by steel discs shrunk on to the drum, there 
being a pair of discs for each row of blades. The discs 
are dished and are fitted to the drum so that the two 
discs comprising a pair are opposite handed and tend 
to meet at their peripheries. e roots of the blades 
are interposed between the rims of each pair of dises 
and are secured by rivets which pass through the 
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blade roots and the rims, the discs being located 
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relatively to each other by dogs formed in the faces of 
the fixing collars at the inner peripheries. The space | 
between each pair of discs is sealed by machined rings, | 
which are located by integral spigots, the spigots lodging | 
under the steps formed at the blade roots. 

The stator casing, as previously mentioned, is in two | 
halves, the casing being split along the horizontal centre | 
line ; each half is an aluminium forging and is fitted | 
with nine rows of fixed blades. Each row of blades is 
dovetailed into a separate blade ring, the dovetails 
lying along the axis of the engine, and each blade is 
held to the stator casing by spigots formed on the 
spacing rings which fit into recesses formed on the 
inner periphery of each blade ring, the spacing rings, 
in turn, being bolted to the stator casing. This form 
of construction is shown in Fig. 7, on page 588, in 
which the blade rings and spacing rings are lettered a 
and b, respectively. The blades for both the fixed and 
moving components of the compressor are of aerofoil 
section and are made from RR 57 aluminium alloy. 

The compressor is driven directly by the turbine 
through a hollow extension shaft, which extends through 
the space occupied by the combustion chambers; the 
turbine runners and the extension shaft can be seen in Fia. 2. 
Fig. 2. The turbine extension shaft is connected 
to the rear shaft of the compressor by a coupling 
in which is incorporated a phosphor-bronze spherical 
bearing. This acts as a front support for the extension 
shaft and allows a certain amount of latitude in the 














ComPpRessoR ROTOR AND TURBINE WHEELS. 


alignment of the turbine and the compressor. As wer f 

previously mentioned, the turbine has two stages, Ray aN ea eee, 

and each runner is fitted with 115 blades of “ Nimonic i mi) Seti 
80” alloy, the blades being secured to the runners =~ Sy aac LANE ARR } SULTS SVAARAE 
through serrated roots in the usual] manner ; the slots eo S A ae s , 

in the peripheries of the two runners, however, are cut oe sna ae AN 

helically so that the axes of the blade roots are at right Ae S REA VA Aaa Aw, 

angles to the forces imposed on them by the action of : a mar tatty 

the gases. The two runners are supported by a hollow SRIINN AAT VEMERLLART YY ee. 
stub shaft, flanged at one end, the leading face of the 14° NN i. Cer 
first-stage runner being bolted to the flange. The stub ' : ; ma 


shaft has splines machined along its external surface iN . AER, 
and these fit into corresponding splines formed in the , ' 4 
tail of the hollow extension shaft. The stub shaft is 
secured to the extension shaft by a hollow clamp bolt, 
the head of which abuts against a shoulder formed inside 
the extension shaft while the nut is tightened against 
the rear face of the second-stage turbine wheel. The 
latter is located by the shank of the clamp bolt, and 
the drive is transmitted from the second-stage to the 
first-stage wheel through a claw-type coupling, one 
half of which is formed on the forward face of the 
second-stage wheel and the other on the rear face of the 
first-stage wheel. The turbine-wheel assembly and 
the rear of the extension shaft are supported by a single- — 
row roller bearing, the inner race of which is fitted to 
the extension shaft. The nozzle blades are secured to Fie. 3. Compressor Castine anp Stator BLaDEs. 
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Fic. 4. ComBustion-CHAMBER COMPONENTS. 

















Fie. 5. Epicycric 


the turbine inlet manifold, and the second-stage stator 
blades are secured to a circular casting, which, in turn, 
is bolted to the turbine inlet manifold. The second- 
stage stator blades are shrouded and the shroud serves 
to carry the stationary component of the turbine inter- 
stage labyrinth seal, the sealing face of which is 
formed by the periphery of the claw coupling. 

The turbine bearing and wheels are cooled by air 
obtained from various stages of the compressor. Air 
for cooling the bearing is bled from the fifth stage and 
is led through an external pipe to the outside of the 
bearing housing. It then passes over and under the 
bearing housing before escaping from the forward end 
of the bearing into an external pipe which transfers it 
to the exhaust jet. The rear face of the second-stage 
turbine wheel is cooled by the air that leaks past the 
high-pressure labyrinth seal at the compressor outlet ; 
this air is fed into the centre of the hollow clamp bolt 
and passes radially over the rear face of the second stage 
wheel to the exhaust jet. The inner faces of the two 





REDUCTION GEARING. 


turbine wheels are cooled by air bled from the seventh 
stage of the compressor and led through the hollow 
extension shaft to an annular space formed between 
the turbine clamp bolt and the stub shaft, while the 
forward face of the first stage wheel is cooled by air 
bled from the combustion-chamber feed manifold ; 
this air also serves to create pressure in a chamber 
fitted with labyrinth seals and thus prevents leakage of 
hot gases from the turbine. 

As previously mentioned, the engine is fitted with 
six combustion chambers; these have been designed 
by Messrs. Armstrong Siddeley and are grouped sym- 
metrically round the axis of the turbine extension shaft. 
The design of combustion chamber used differs from 
those fitted to other gas turbines in that vaporisation 
of the fuel is employed instead of the more usual 
atomisation. The manufacturers claim that vaporising 
the fuel eliminates the complications and dangers of a 
high-pressure atomisation system and permits better 
control of the flame. Furthermore, combustion cham- 





bers using the vaporisation system do not suffer from 
reduced efficiency at part throttle and high altitudes. 
The various parts comprising a single combustion 
chamber are illustrated in Fig. 4, while Fig. 8, on page 
588, shows a longitudinal section through one of the 
chambers and will serve to illustrate its construction 
and method of operation. The design employed 
ensures that the mixture of air and fuel is preheated 
before entering the combustion chamber. The fuel is 
supplied through the pipe lettered a in Fig. 8 to four 
jets, two of which can be seen in the same illustration, 
lettered b. The four jets feed the fuel into the four 
primary air tubesc. The primary air tubes are shaped 
in the form of a letter J, placed horizontal, and as they 
are already heated by the process of combustion, the 
air-fuel mixture passing through them is vaporised 
before the direction of flow is reversed and the mixture 
is ejected into the combustion chamber against the 
flow of the incoming air. Secondary air is delivered 
through four nozzles situated in front of the primary 
tubes; the nozzles are fitted to the primary-tube 
support plate and can be seen in Fig. 4. Further 
air is admitted through three circumferential slots 
formed in the wall of the flame tube and through four 
openings cut in the conical extension piece. In addi- 
tion to regulating the temperature inside the flame 
tube, this further air also serves to cool the flame-tube 
walls. The flame tubes are made from ‘‘ Nimonic 75” 
alloy and are secured to the outer walls of the combus- 
tion chamber, which are of stainless steel, by three 
bolts. The flame tubes are also held and located 
radially by the interconnecting pipes between the 
combustion chambers. These pipes actually consist of 
two co-axial tubes, the outer one of which connects the 
combustion chambers, while the inner one connects the 
flame tubes. 

Perhaps the most difficult problem encountered in 
the development of gas-turbine propeller engines is the 
design of a reduction gear capable of reducing the 
inherently-high turbine revolutions to a figure suitable 
for use with a propeller without increasing the overall 
diameter of the complete engine. In the case of the 
Mamba, the combined compressor rotor and turbine 
wheels rotate at 15,000 r.p.m., and this has to be 
reduced to a propeller-shaft speed of 1,450 r.p.m., a 
reduction ratio of 0-097 to 1. A compound epicyclic 
gear reduction unit has been employed ; this unit is 
illustrated in Fig. 5, where it is shown removed from 
the engine. It is driven through a helical sun wheel 
fitted to the forward extension shaft of the com- 
pressor, the forward end of the shaft being supported 
by a bronze bush fitted in a housing at the rear of 
the propeller shaft; the helical sun wheel can be 
seen in Fig. 2, opposite. The sun wheel meshes 
with the larger wheels of three compound-planet wheels, 
the smaller wheels, in turn, meshing with a fixed 
geared ring. The planet wheel shafts are supported 
at the rear by the carrier plate visible in Fig. 5, and at 
the front by a flange formed at the rear end of the 
propeller shaft ; this flange also serves to transmit the 
drive to the propeller shaft and, therefore, to the 
propeller. The smaller planet wheels are integral with 
their shafts but the larger wheels are secured to the 
shafts by screwed dowel pins. The planet-wheel 
shafts rotate in single-row roller bearings at the front 
and in dual ball and roller bearings at the rear, while 
the thrust from the propeller is taken by a large ball 
bearing fitted within the front engine housing. 

The reduction unit also incorporates a torque meter ; 
this measures the reaction set up in the stationary 
geared ring which, instead of being bolted directly to 
the engine casing, is supported by eight small bell-crank 
levers. These levers turn about pins fitted into the 
front engine casing, the inner ends of the levers entering 
slots machined in the geared ring while the outer 
ends bear against a series of pistons, there being a 
separate piston for each lever; any tendency for the 
geared ring to turn, therefore, is transmitted through the 
levers to the pistons. The pistons work in cylinders 
filled with oil, so that any increase in the pressure of the 
oil brought about by the action of the bell-crank lever 
and piston assemblies is a measure of the torque reaction 
set up in the geared ring. 

The reduction gearing also serves to drive the engine 
auxiliaries, which are disposed about half the cir- 
cumference of the air-intake body. It will be seen 
from Fig. 5 that a spur gear is fitted to the rear planet 
carrier ; this gear engages with an idler rotating about 
a stub shaft fitted to the air-intake casing. Integral 
with the idler is a bevel gear and this meshes with a 
further bevel gear fitted to the lower end of an inclined 
shaft. This shaft passes through one of the aerofoil- 
section supports in the air-intake casing and the drive 
is transferred to the accessory gear train by a second 
set of bevel gears fitted to the top of the inclined 
shaft. 

All engine bearings, gear wheels, etc., are lubricated 
under pressure ; the pressure, however, varies according 
to the duty of the parts. A main gear-type pum 
supplies oil at 70 lb. per square inch to the propeller 
constant-speed unit, the reduction-gear bearings and 
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gears, a high-pressure oil pump, a reducing valve and a 
Tecalemit metering pump. The metering pump is 
used to feed the main turbine bearing and supplies 
half a pint of oil an hour; this oil, however, runs to 
waste. The reducing valve gives a reduction in 
pressure of 5 to 1, oil being supplied at the lower 
pressure to the forward main compressor bearing, the 
auxiliary drive gears, and their bearings. The high- 
pressure pump supplies oil to the torque-meter cylinders 
only ; it is a gear-type pump and delivers the oil at a 
maximum pressure of 350 lb. per square inch. After 
circulating through the engine, the oil drains into a 
combined filter and sump situated at the base of the 
engine from which it is drawn by a scavenge pump and 
returned through a cooler to the main tank. The 
estimated oil consumption is approximately two pints 
an hourat the maximum continuous rating of the engine, 
namely, 14,000 r.p.m., and the maximum oil-inlet 
temperature is 90 deg. C. 

The Mamba is fitted with a three-blade, constant- 
speed fully-feathering airscrew and the engine and 
airscrew controls are linked by a single throttle lever, a 
separate constant-speed control lever having been 
rendered unnecessary. The power of the engine is, of 
course, regulated through the fuel system; this com- 
prises a submerged fuel-tank pump, a fuel-metering 
pump, throttle and altitude controls, an acceleration 
control, an isolator and a distributor. The fuel-tank 
pump delivers the fuel to the metering pump through a 
low-pressure filter which contains a Tecalemit cloth 
element. The fuel-metering pump is of the Lucas 
variable-stroke, multi-plunger swashplate type, in 
which is incorporated a maximum-speed governor and a 
pressure-relief valve; the maximum-speed governor 
is operated by the centrifuga] pressure set up in the 
fuel by the rotation of the fuel-pump rotor. The 
altitude control employs a barometric capsule in the 
usual manner, the capsule being housed in a chaniber 
connected to the aircraft Pitot head. The throttle 
valve meters the fuel to the engine and consists of a 
profiled pressure-balanced needle the position of which 
in an orifice is set by the throttle lever through a rack 
and pinion. The pressure drop across the orifice is 
maintained constant at constant altitude by a sensitive 
piston, movement of which causes the pump cam-plate 
angle to be altered, with consequent variation in the fuel 
supply. The acceleration control provides a means of 
limiting the engine speed in relation to the fuel flow 
during acceleration; this is achieved by a device 
known as the hydraulic control box. This contains a 
fuel cam and as cam which link the fuel and speed 
to the pilot’s lever to suit the engine characteristic. 
The fuel cam is controlled manually by the pilot while 
the speed cam operates through a vane-type servo 
motor. This permits the oil flow to the servo to be 
controlled in such a way that the engine-speed and fuel 
characteristic can be maintained while preventing 
surging of the engine during periods of acceleration. 
This arrangement has been found to provide satisfactory 
handling characteristics in flight, as can be judged from 
the fact that, under baulked landing conditions, the 
power can be increased from zero to maximum in under 
two seconds. 

The engine is fitted to the aircraft through six 
mounting lugs incorporated in the casting at the rear of 
the compressor casing. The overall length of the 
engine from the rear face of the propeller fitting cone to 
the rear face of the turbine housing is 57 in. while the 
maximum diameter over the circular cowling is ap- 
proximately 30 in. The weight of the engine dry and 
without the airscrew, cowling, etc., is 760 lb. A note- 
worthy feature of the engine is the provision of an air- 
craft-accessory drive; this is taken through a shaft 
from the auxiliary gear-train and can transmit a 
maximum of 50 horse-power at 0-18 engine speed. 

As we go to press, we learn from Messrs. Armstrong 
Siddeley Motors that, in addition to the Balliol, the 
Athena training aircraft has now been flown with the 
Mamba engine as its power unit. The first two single- 
engine aircraft to fly using gas-turbine propeller engines, 
therefore, have both been fitted with the Mamba engine. 





LonG-LIVED DyNnamo.—Over 50 years ago the 
General Electric Company supplied one of their “‘ Byng- 
Hawkins ” dynamos for lighting and operating an organ 
motor at a private house in Wimbledon Park. This 
machine, which had an output of 50 amperes at 140 volts, 
was later bought by Messrs. James Webb and Sons, 
tool-makers, and installed in their works at Bloxwich, 
near Birmingham. It was subsequently run continuously 
for several years and was then placed in store until, 
with the recent introduction of the “‘ powerless day ”’, 
it was again employed to supplement more modern plant. 
It is now in regular use supplying office and tool-room 
lighting, as well as magnetic chucks and several small 
motors. We understand that the only maintenance that 
has had to be carried out on this machine has been to re- 
insulate the end of the commutator and to replace copper 
with carbon brushes. The original bearings are still 
serviceable. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 


Flameproof Plugs and Sockets.—A new British specifi- 
cation, B.S. No. 1395, covers 30-ampere flameproof 
plugs and sockets and cable couplers. It has been 
prepared to meet the demand for a lighter-duty stan- 
dard plug and socket than that provided for in B.S. 
No. 279, which deals with 100-ampere equipment. 
Two types of plugs and sockets and cable couplers are 
covered by the new specification, namely, the restrained 
t which is for use with electrical interlock, and 
the bolted type which is for use with or without 
electrical interlock. Both types are flameproof in 
accordance with B.S. No. 229. The specification 
prescribes the dimensions necessary to ensure inter- 
changeability of complete plugs in complete sockets of 
different makes, and deals with some electrical and 
mechanical requirements. It does not otherwise 
specify a fully detailed design. [Price 3s. 6d., postage 
included. ] 


Colours of Paints.—A revision of the British Standard 
Colour Card for Ready-Mjxed Paints, B.S. No. 381 C, 
now been issued. The new card provides an 
amplified range of 93 colours. Of these, 61 are colours 
which appeared in the original 1930 edition of the card, 
and four have been deleted as being no longer required. 
Twelve of the original colours have been amended, and 
32 new colours have been added. The opportunity has 
been taken to re-arrange the colours and they are now 
grouped according to seven broad colour divisions, 
namely, blue; green; yellow, cream and buff; brown 
and pink; red and orange; grey; and violet. Each 
colour group has a three-digit number allotted to it, for 
example, all blues fall within the number 100 to 199; 
all greens within 200 and 299, and so on. The first 
digit indicates the colour group of the paint and the 
last two digits the number given to the colour in the 
previous card. Thus peacock blue, which was No. 3 
in the original card, now becomes No. 103. This 
system allows for the addition of new colours under 
their appropriate grouping as and when necessary. 
[Price 48., postage included.] 





BOOKS RECEIVED. 


World Power Conference. Annual Report, 1947. The 
Central Office of the World Power Conference, 201-202, 
Grand Buildings, Trafalgar-square, London, W.C.2. 
[Price 1s. 6d., post free.] 

Department of Scientific and Industrial Research. Road 
Research Laboratory. Road Research Technical Paper 
No. 8. British Intelligence Objectives Sub-Committee 
Overall Report No. 5. German Motor Roads, 1946. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 1s. 6d. net.) 

Air Registration Board. British Civil Airworthiness 
Requirements. Section J. Electrical. Publications 
Department, Air Registration Board, 37, Gratton-road, 
Cheltenham, Gloucestershire ; and The Institution of 
Electrical Engineers, Savoy-place, Victoria-embank- 
ment, London, W.C.2. [Price 3s., post free.] 

** Electrical Engineer ’’ Reference Book. General Editor : 
E. Motitoy. Consulting Editor: Dr. M. G. Say. 
Third edition. George Newnes Limited, Tower House, 
Southampton-street, Strand, London, W.C.2. [Price 
42s. net.) 

Ministry of Transport. Railways Division. Railway 
Accidents. Report on the Collision Which Occurred on 
the 26th November, 1947, at Farnborough (Hants.) on 
the Southern Railway. H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 1s. net.] 

Hot Water Engineers’ Pocket Book. Edited by A. C. 
PaLLoT. Heating and Ventilating Engineers’ Pocket 
Book. Edited by A. C. Patior. George Newnes 
Limited, Tower House, Southampton-street, Strand, 
London, W.C.2. [Price 5s. net each.] 

Supercharging the Internal Combustion Engine. By 
PROFESSOR E. T. VINCENT. McGraw-Hill Book Com- 
pany, Incorporated, 330, West 42nd-street, New York 
18, U.S.A. [Price 5 dols.}] McGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 30s.]} 

International Maritime Dictionary. An Encyclopedic 
Dictionary of Maritime Terms and Phrases, Together 
with Equivalents in French and German. By RENE DE 
KERCHOVE. D.VanNostrand Company, Incorporated, 
250, Fourth-avenue, New York 3, U.S.A. [Price 
10 dols.}) Macmillan and Company, Limited, St. 
Martin’s-street, London, W.C.2. [Price 55s. net.) 

Library Classification Scheme and Selected Bibliography 
of Traffic Engineering Literature. By KATHRYN C. 
Cassipy and Joy REDFIELD. Bureau of Highway 
Traffic, Yale University, Strathcona Hall, New Haven, 
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JuNE 18, 1948. 


PERSONAL. 


Sir GEOFFREY TAYLOR, F.R.S., Dk. THEODORE VON 
KArmA4n, SiR ALLIOTT VERDON-ROE, O.B.E., F.R.Ae.S., 
and Mr. H. O. SHort, F.R.Ae.S., have been elected 
Honorary Fellows of the Royal Aeronautical Society, 
4, Hamilton-place, Piccadilly, London, W.1. 

BRIGADIER G. H. Watron, C.B.E., T.D., has been 
appointed vice-chairman of the board of directors of 
North Eastern Trading Estates, Limited. The Board 
of Trade have also appointed ALDERMAN A. Ross, J.P., 
to be a director of the company. 


Mr. J. Royston, district superintendent, British 
Railways—North Eastern Region, Manchester, has been 
appointed assistant operating superintendent (Western 
Section) Eastern Region. Mr. M. G. Maycock, B.Sc. 
(Eng.) (Lond.), A.M.I.C.E., assistant civil engineer, 
Scottish Region, Edinburgh, has been made district 
engineer, Eastern Region, King’s Cross. 

Mr. A. K. CorFIeLp, F.R.1.C.S., has retired from the 
position of. Mineral Valuer, England, Valuation Depart- 
ment, Inland Revenue, and has opened a private practice, 
at 29, Bainbrigge-road, Headingly, Leeds, 6, as a mining 
consultant and mineral valuer. 


Mr. Harowp Euiorr, M.Inst.T., general manager of 
Hay’s Wharf Cartage Company, Limited; Pickfords 
Limited, and Carter Paterson and Company, Limited, 
has been appointed Chief Officer (Freight) to the Road 
Transport Executive, St. Pancras Chambers, Euston- 
road, London, N.W.1, with effect from July 1. 


Mr. ARNOLD HECKLE, Board of Trade Regional 
Controller, Midland Region, Birmingham, is to be trans- 
ferred to the Board of Trade Headquarters in London. 
He will be replaced at Birmingham by Mr. Barry Kay 
from Bristol. Sm QUINTIN HILL is to be appointed 
Board of Trade Regional Controller, South Western 
Region, Bristol, in succession to Mr. Kay. 


Mr. R. T. PARDOE, sales manager for switchgear and 
transformers for Messrs. Crompton Parkinson Limited, 
has assumed the additional responsibility for the sales 
management of instruments and meters. Mr. J. V. 
DANIEL, formerly general sales manager, plant division, 
and a director of the firm, has been appointed assistant 
works director (south). Mr. J. B. Scott, D.F.C., has 
been appointed general sales manager, plant division, 
Mr. K. YOuNGER has been made London plant branch 
manager, and Mr. F. A. LANGHAM, machines sales 
manager. 

Mr. G. DoDSON-WELLS, M.B.E., has been confirmed 
in his appointment as Chief Public Relations Officer, 
London Transport Executive, 55, Broadway, London, 
S$.W.1. 

The Council of the Royal Institution of Chartered 
Surveyors, 12, Great George-street, London, S.W.1, 
have confirmed the election of COLONEL M. H. MAXWELL 
as chairman of the South Wales branch of the Institution, 
and Mr. D. G. Busi as chairman of the Sussex branch. 

Mr. W. H. Lawson, a member of the firm of Binder, 
Hamlyn and Company, chartered accountants, has been 
appointed a member of the Transport Arbitration Tri- 
bunal, in place of Stik RUSSELL KETTLE, who resigned on 
April 30, 1948. 

Messrs. THE HOFFMANN MANUFACTURING COMPANY, 
LimtreD, Chelmsford, Essex, have opened a new branch 
at 18, Tempest Hey, Liverpool. (Telephone: Central 
3595; telegraphic address: Mannhoff Liverpool.) 

The Swansea district office of the BOARD OF TRADE has 
been removed from 36-38, Exchange Buildings to Oxford 
Buildings, Oxford-street, Swansea. The telephone 
numbers remain unchanged, namely, Swansea 2514 and 
55793. 





INTERNATIONAL CONFERENCE ON SOUND TRANSMISSION, 
Lonpon.—The Acoustics Group of the Physical Society, 
in association with the Royal Institute of British Archi- 
tects, are holding a three-day international conference on 
“* Noise and Sound Transmission,” on July 14, 15 and 16. 
Many papers are to be read by European and American 
investigators, and there will also be several contributions 
from persons in this country. Among those reading 
papers are Messrs. L. L. Beranek (United States); T. 
Vogel, R. Lehmann, P. Chavasse and F. Canac (France) ; 
W. Farrer (Switzerland); W. K. Westmijze, C. W. 
Kosten and J. Van den Eijk (Holland); F. Ingerslev, 
V. L. Jordan, and P. V. Bruel (Denmark); E. Meyer, 
A. Schoch and L. Cremer (Germany); and N, Fleming, 
R. S. Dadson, H. L. Kirke, W. A. Allen, and A. J. King 
(Great Britain). The papers will cover the subjects of 
sound insulation in buildings, aircraft and ships, impact 
sound, resilient suspension systems, proposals for the 
standardisation of measurement, and the measurement 
of noise. The meetings will be held in the Jarvis Hall of 
the Royal Institute of British Architects, 66, Portland- 
place, London, W.1. The conference will be open to all 
who are interested ; morning sessions will commence at 
10 a.m., and afternoon sessions at 2.30 p.m. Further 
particulars may be obtained from the joint honorary 
secretaries of the Acoustics Group, 1, Lowther-gardens, 
Prince Consort-road, London, S.W.7. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—Supplies of scrap and other raw 
materials are being maintained at reasonably good levels 
for the current production at the steelworks. There has 
been a slight improvement in coke deliveries at the blast- 
furnaces, and the volume of pig-iron has been correspond- 
ingly raised, but the rate of production is still well below 
the potential output of the furnaces in blast. In the re- 
rolling department of the trade the billet position has 
become slightly more difficult, and sheetmakers have also 
been experiencing delays in obtaining slabs for heavy- 
sheet production and sheet bars for light-gauge sheets. 
Tubemakers are working to capacity on substantial 
contracts for home and overseas consumers. The rapid 
improvement in the Belgian steel industry, with shorten- 
ing delivery dates, appears, however, to be exerting a 
considerable influence on buyers, who are inclined to hold 
off a little before concluding firm business. There is a 
substantial volume of work for shipbuilding, power-p!ant 
production, and locomotive and wagon building, sufficient 
to absorb large tonnages of Scottish steel for many years 
to come, but Scottish shipbuilders are perturbed at the 
statements in recent weeks regarding steel supplies for the 
industry, and are particularly aggrieved at the suggestion 
that any reduction in supplies will be based on last year’s 
deliveries, 

Scottish Coal.—In the week ended June 5,.deep-mine 
outputs totalled 481,500 tons, bringing the aggregate 
for the year up to about 10,270,000 tons. This is 
roughly 530,000 tons short of target requirements, and the 
production for the remainder of the year must average 
520,000 tons a week, compared with an average of 475,000 
tons to date, in order to reach the objective of 25,000,000 
tons for the year. Unofficial stoppages are less frequent 
at present, and loss of output from this cause has declined. 
Opencast production was sharply reduced for a period by 
heavy rains, but the improved pumping machinery proved 
invaluable in clearing excess water expeditiously. 
Industrial and steam coals have been in adequate supply. 
Electric power stations, gasworks, coke ovens, steelworks, 
and other priority users have received tonnages according 
to programme, and steady progress is being made in 
laying down reserve stocks. Round coal is still scarce, 
but railway and house-coal deliveries have been fairly 
well maintained with the assistance of opencast coal 
Exports from East Coast ports to Sweden, Finland, 
Denmark, and France are steady at about 20,000 tons a 
week, and coastwise shipments to London are averaging 
about 10,000 tons weekly. Considerable tonnages are 
being absorbed in the bunker trade. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—Rumours have been current 
in the past week that the National Coal Board was 
preparing to put into operation the first stage of its plan 
to make the anthracite area of the coalfield economic by 
closing down seven pits, but they have been described 
by the Divisional Board as premature. According to 
reports, the Board had considered closing seven pits, and 
about 3,000 miners would lose their present employmeut 
as a result of the closures, which were part of the drastic 
efforts to reduce production costs. It was stated that 
the Board’s programme included borings and sinkivgs in 
the areas concerned with a view to opening new pits and 
re-establishing miners in their present homes. The 
waraing by the Minister of Fuel and Power, Mr. Hugh 
Gaitskell, that owing to the unsatisfactory production 
rate and increased consumption due to cold weather, it 
might be necessary to cut exports, has caused a good deal 
of concern locally. The export trade has shown steady 
growth since its resumption a few months ago, but 
exporters feared that any interruption might have the 
effect of driving foreign customers to seek alternative 
sources of supply and that the business might be very 
difficult to recover at a later date. Shipments to Spain 
have been on a brisker scale during the week, while 
deliveries to France, South America, Portugal, Eire and 
Italy were proceeding along steady lines. Shortages of 
supplics resulted in a substantial amount of foreign 
inquiries being uncovered ; home requirements were 
still sufficient to provide a ready outlet for almost the 
whole of present outputs of the better grades. The 
demand for bunkers was well maintained, while cokes 
continued in good demand although supplies were 
difficult to secure. Patent fuel was active and firm. 

Swansea Steel-Sheet Industry.—T he market report issued 
by the Incorporated Swansea Exchange states that 
home consumers are now covering their requirements for 
the third quarter of the year and have placed a substantial 
number of orders, Steel sheet continues to be in insistent 
demand and makers, although maintaining a high level of 
production, are unable fully to meet the pressure for 
supplies. Iron and steel scrap of all descriptions is 
sought after and the steelworks are in need of larger 
deliveries to maintain outputs. The price of coke tin- 
plates, per standard box weighing 108 Ib., and containing 
112 sheets measuring 20 in. by 14 in., is 37s. 54d. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Further increases in steel production 
have been made, and, with additional electric-melting 
furnaces recently installed and in process of erection, it is 
expected that a new high record will be established this 
year. Schemes of works extension and re-equipment will 
involve heavy expenditure ; some of the 33 big schemes 
have been completed and others are in hand. including 
one to cost 1,500,000. The total floor space involved 
in the approved schemes is 602,209 sq. ft. Makers of 
steel products are so inundated with orders that to accel- 
erate deliveries it has been deemed necessary to restrict 
the number of patterns and types of tools, and concen- 
trate upon those in more general demand. Many firms 
are experiencing a shortage of materials, and of all types 
of labour. Useful service is being given by foreign 
workmen who do not hesitate to undertake hot and 
arduous jobs in the rolling mills and forges. The demand 
for railway materials is still very strong, and it has been 
possible to accelerate deliveries since extension schemes 
were carried out and additional steel-melting furnaces 
installed. Axle steel is still in short supply, fork steel 
in the tool trades is needed in larger quantities, and high 
carbon steels are insufficient for the requirements of the 
makers of agricultural machine parts and edge tools. 

South Yorkshire Coal Trade.—The production of deep- 
mined coal has improved a little as a result of a diminution 
in the number of unofficial stoppages, but it is very 
difficult to meet home requirements and at the same 
time continue to dispatch increasing quantities to the 
ports for shipment abroad; foreign buyers are now 
stipulating best qualities. More open-cast coal is being 
raised and distributed to all sections of the home market 
in spite of numerous complaints of the poor quality. 
Coking coal is being extensively consumed to permit 
fuller deliveries of hard coke to the iron and steel trades. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Iron and steel manufacturers 
maintain outputs at a high level and with the end of the 
half year in sight, there is the usual rush to overtake 
contractural commitments. Better transport facilities 
permit an expansion in tonnage distribution but parcels 
reaching customers at home and overseas still fall con- 
siderably short of requirements. The yield of the 
Cleveland ironstone mines is still on a disappointing scale, 
but imports of high-grade foreign iron ore are exceptional- 
ly heavy and supplies of iron and steel scrap have 
improved somewhat ; coke deliveries also are expanding. 
Parcels of scrap coming forward from merchants’ depots 
are substantia], but imports from Germany are not up to 
expectations. The blowing out of a blast-furnace has 
reduced the number in operation on Tees-side to 25. 

Foundry and Basic Iron.—The resumption of the make 
of No. 3 Cleveland pig iron is not considered likely, 
and North of England iron founders have been driven to 
draw supplies of blast-furnace products suitable for their 
requirements almost exclusively from Midland makers. 
Quite substantial parcels are coming to hand, but the 
maintenance of regular adequate deliveries from that 
distant source of supply cannot be relied upoo and the 
intermittent local production of a substitute for foundry 
pig is meagre. The output of basic iron is promptly 
absorbed by the makers’ own consuming departments. 

Hematite, Low-Phosphorus and Refined lron.—East- 
Coast hematite allocations are carefully controlled to 
ensure, as far as possible, equitable distribution of 
available supplies to regular customers of long standing. 
Outputs of low- and medium-phosphorus grades of iron 
are well taken up, and refined-iron manufacturers report 
a ready sale for their products. 

Manufactured Iron and Steel.—Semi-finished and 
finished iron firms have as much work in hand as they can 
manage. There is no reduction in the demand and, at 
times, customers’ urgent requirements are difficult to 
cover fully. All classes of steel continue in very strong 
request. Improvement in supplies of steel semies, both 
by makers and importers of Continental commodities, 
has been of assistance to the re-rollers who, however, are 
still pressing for larger deliveries of small sizes. Buyers of 
finished steel continue to press for maximum deliveries. 
Shipbuilders, especially, are endeavouring to obtain 
further concessions from the Control. Makers of sheets, 
joist sections, railway requisites and colliery equipment 
have bookings as extensive as conditions justify. 





DE-REQUISITIONING OF FactTorRIes.—The Ministry 
of Supply which, with the Ministry of Aircraft Produt- 
tion, had 33 million sq. ft. of factory space under 
requisition in 1945, has now reduced this to 2-7 million 
sq.ft. This figure represents 76 different units, of which 
18 (aree 356,000 sq. ft.), are being retained temporarily 
for essential work. The remaining 58 establishments 
will be released as soon as possible. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Central London Branch: Monday, June 21, 6.30 p.m., 
St. Ermins Hotel, Caxton-street, S.W.1. ‘“‘ The Sales 
Engineer in Industry,”’ by Mr. A. N. D. Kerr. 


INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.—Monday, June 21, to Wednesday, June 23, 
Burlington Hotel, Boscombe, Bournemouth. Summer 
Meeting. Monday, June 21, 8.30 p.m., Informal Recep- 
tion. Tuesday, June 22, 10.15 a.m., “ Heat Pump 
Principles and Applications,” by Mr. J. H. Evans. 
7 p.m., Reception and Banquet. Wednesday, June 23, 
whole-day coach tour. 


IRON AND STEEL LNstTITUTE.—Iron and Steel Engineers’ 
Group: Tuesday, June 22, 4, Grosveuor-gardens, S.W.1. 
10.30 a.m., “‘ Electric Control Gear for Stee] Mill Auxiliar- 
ies,”’ by Mr. R. A. West (with discussion). 12.15 p.m., 
* Electronic and Servo-Electronic Controls and Their 
Application to the Iron and Steel Industry,” by Dr. W. G. 
Thompson. 2p.m., Discussion on Dr. Thompson’s paper. 
3.15 p.m., “‘ The Maintenance of Electrical Machinery in 
Iron and Steel Works,” by Messrs. G. S. Martin and 
M. Y. Harvey. 


INCORPORATED PLANT ENGINEERS.—Leeds Branch: 
Monday, June 28, 7.30 p.m., Mines Department, The 
University, Leeds. ‘‘ Ball and Roller Bearings,” by 
Mr. J. L. Potts. 





CONTRACTS. ; 


MESSRS. ASSOCIATED BRITISH OIL ENGINES, LIMITED, 
Duke’s-court, 32, Duke-street, St. James’s. London, 
S.W.1, have received from Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Newcastle-upon-Tyne, 
orders for 12 sets of marine auxiliary generators driven 
by Mirrlees Diesel engines. Six of these are 150-kW, 
220-volt sets driven by TLB5 five-cylinder engines 
rated at 262 brake horse-power, at 600 r.p.m., and will 
be installed in two single-screw cargo vessels which are 
being built by Sir James Laing and Sons, Limited, for 
Sir R. Ropner and Company, Limited. The remaining 
six are 170-kW 230-volt sets driven by Mirrlees TBL 6 
six-cylinder engines rated at 315 brake horse-power, at 
600 r.p.m., and are for two single-screw bauxite-ore 
carriers under construction by R. and W. Hawthorn, 
Leslie and Company, Limited, for the Alcoa Steamship 
Company, New York. The main propelling machinery 
in each vessel will be of the Hawthorn-Doxford type. 


Messrs. SmMon-CARVES LIMITED, Cheadle Heath, 
Stockport, have secured a contract for the construction 
of coke ovens, gas-producer plant and ancillary equip- 
ment for the Helsinki Corporation Gasworks, Finland. 
The order comprises a battery of 22 of the firm’s “ entire 
underjet ” coke ovens to carbonise 300 tons of coal a 
day, and also mechanical gas-producer plant. The 
contract also includes coal-handling plant of 60 tons an 
hour capacity, to take coal from stock and deliver it, 
crushed and blended, to a storage bunker, and coke- 
handling plant of 40 tons an hour capacity, to convey, 
grade and bunker the coke for sale. The firm have 
undertaken to design, erect, and start the plant in time 
for the winter load of 1951-52. 





WIGAN MINING COLLEGE.—A well-attended meeting 
to celebrate the 90th anniversary of the foundation of 
the Wigan and District Mining and Technical College was 
held under the presidency of Colonel J. S. A. Walker, 
T.D., J.P., chairman of the governing body, on Monday, 
June 7. At the outset of the meeting, Dr. J. F. S. Ross, 
M.C., the Principal, gave a brief survey of the history and 
work of the College. This was founded or October 27, 
1857, and, in its first session, the average attendauce was 
15; uow it has some 2,800 students. Established 
primarily to develop mining education, and still main- 
taining a leading position in that field, its range of work 
covers also engineering, chemistry, physics, geology, 
mathematics and other subjects. A special feature of its 
work is the provision of complete full-time courses for the 
degrees of the University of London. After receiving 
recent graduates of the College, Sir Charles Ellis, F.R.S., 
Scientific Member of the National Coal Board, gave an 
address on ‘‘ The Place of Science in a Technical Training.” 
In the course of this he referred to the distinction between 
industrial scientists and research scientists and denied 
the validity of any difference of status between them. 
He then spoke of the manifold duties of scientists in 
connection with the National Coal Board and mentioned 
the special gréups dealing with seam survey and with 
fundamental studies of coal substance. An illustrated 
souvenir booklet of the 90th anniversary celebrations has 
been issued and copies, price 1s. 6d., may be obtained 
from the College office, Library Street, Wigan. 
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Cheques should poeta “The National Provincial 
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SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
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wide, divisible into four columns 2} in. wide. Serial ad- 
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The charge for advertisements classified under the 
h * es Appointments Open,” “‘ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 28. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “‘ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 
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THE ENGINEER’S 
RESPONSIBILITY. 


NEARLY 250 years ago, Thomas Savery patented 
a method “for raiseing of water and occasioning 
motion to all sorts of mill work by the impellent 
force of fire”; and thus announced an invention, 
which was destined to revolutionise thought and 
action in every corner of the earth. The inventions 
of Newcomen, Watt and others followed ; and their 
development, combined with our abundant resources 
of human skill and natural fuel, enabled a growing 
industry to supply both native and foreign re- 
quirements for manufactured goods and capital 
equipment in ever-increasing measure. A high 
commercial reputation and a large store of foreign 
credit were thus built up, with the result that 
before the two world wars of the Twentieth Century, 
at least 25 per cent. of the population of Great 
Britain was dependent for its livelihood on current 
activity in trade and commerce with other countries, 
and 10 per cent. on past activities in those fields. 
To-day, the scene has changed. We have lost the 
income which sustained the 10 per cent.; and the 
income of the 25 per cent. is in danger. The 
national debt amounts to 22,000,000,000/.; and 
we are faced with the problem of sustaining a 
population which has been educated to expect high 
standards of living, shorter working hours and social 
insurance benefits, merely by virtue of the fact that 
its members are British. 

This is an oft-told tale, but it cannot be repeated 
too often until its full implications have been brought 
home to every inhabitant of the country. Mr. J. 
Eccles was therefore well-advised, in the presidential 
address which he delivered to the Incorporated 
Municipal Electrical Association, at Eastbourne, on 
Tuesday, June 8, to describe at some length how 
we attained that proud position in the world’s 
commerce, which, unfortunately, is no longer ours. 
This description shows that the driving force behind 
this pilgrimage to prosperity was combined of skill, 
enterprise and hard work. Mr. Eccles implied, and 
few thinking people will disagree with him, that the 
one and only escape from our present difficulties is 
by the exercise of the same qualities in a world the 
condition of which will make that task more difficult 





our research workers, designers and craftsmen. 

Stupendous as this task undoubtedly is, there is 
no need for excessive pessimism. Thanks to the 
engineers of the past we have vastly greater facilities 
at our disposal than we had 150, or even 50, years 
ago. There is also no reason to suppose that the 
engineer will not play his full part towards the 
solution of our present difficulties. It is, indeed, 
both his duty and his responsibility to do so ; 
and we feel sure he will not fail. Mr. Eccles men- 
tioned three ways in which output could be increased 
without lengthening the working day. The first is 
to introduce more power into the production line. 
The second is to make mechanisation more effective. 
and the third, perhaps the most difficult because the 
least spectacular, is for everyone to work harder 
and to produce at least 10 per cent. more with the 
tools at present available. General agreement with 
these propositions, however, must not be allowed to 
obscure the fact that what is wanted is not only 
more work, but more work of the right kind. There 
are, it is true, many ways in which effort can be 
speeded up and, we hope, will be speeded up. Too 
much effort, however, is still being expended in the 
wrong directions ; and in these reduction, diversion, 
or both, would be advantageous. Excessive paper 
work of all kinds is one of these ; and it is significant 
that the president’s suggestion that unnecessary 
form filling should be abandoned earned the heartiest 
applause of the morning. It is doubly significant 
that this applause came from an audience the 
majority of whom consisted of local government 
representatives and officials. 

Among the facilities at our disposal for dealing 
with the present grave situation in industry, 
electricity is clearly cast for a leading part. There is 
no need to labour, or even to illustrate, that point. 
What is not so clear, at least to the town dweller, 
is that it has an equal, if not greater, part to play in 
the development of our home food production. We 
must export manufactured goods, in order to buy 
the food on which to live. It is doubtful, however, 
whether we can ever export sufficient to enable us 
to import all we require. It would not, in fact, be 
a good thing, if we could. Although 1,100,000 
agriculturists are now providing a more complete 
and satisfactory diet for 30,000,000 persons than 
5,000,000 workers were providing for themselves 
and 2,000,000 more in the time of Savery, it is 
clear to anyone who flies over our countryside that 
more could be done. Farmers must, therefore, be 
encouraged in every way to increase their production 
and the most effective means by which this can be 
done is by more mechanisation, of which intensive 
rural electrification is not the least attractive 
kind. 

These statements provide the outlines of a plan. 
Plans, however, as is not realised so often as it 
should be, require implementing: that is more 
difficult. If the aid of mechanisation by electrical 
means is to be enlisted both in industry and agricul- 
ture, a generous programme for the provision of 
generating and other plant must be carried out as 
speedily as the national economy will permit. The 
British Electricity Authority must therefore make 
the most urgent representations in this sense to the 
Government departments concerned, in order that 
the country may not be deprived of the benefits of 
a full electrical service for longer than is absolutely 
necessary. It must also put its own house in order 
with the least possible delay. Failure cannot even 
be contemplated. As Mr. Winston Churchill said in 
London on Saturday, June 12, such failure would 
not only throw a greater burden upon the taxpayer, 
but would affect private industry by increasing costs. 
Unfortunately, a tendency in this direction is 
already apparent and must be checked. In saying 
this we are not unmindful of, nor unsympathetic 
with, the difficulties of the Authority. Parliament, in 
its wisdom, combined perhaps with a desire for change 
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for change’s sake, has allotted the Authority the task 
of building up a new structure at a time when it is 
most important that as little as possible should be 
done to disturb the strength of the old ; it is a task 
full of dangers. We are therefore glad to learn from 
the speech made by Lord Citrine at the closing meet- 
ing of the Conventicn on Friday, June 11, that the 
transfer from private and municipal “to national 
ownership and operation has been accomplished with 
incredible smoothness.” That this success has been 
achieved largely through the co-operation of existing 
bodies shows that it is recognised in the industry 
that national exigencies must have precedence 
over sectional interests. This, in itself, is a good 
augury for the future. 

At the same time, unofficial opinion, freely 
expressed at the Convention, indicates that the 
immediate outlook is perhaps not so roseate as 
Lord Citrine’s statement, taken literally, would 
imply. We have already alluded to the fact that 
there is a shortage of plant. The difficulties, which 
have arisen from the policy of placing the generation 
and main transmission of electricity throughout the 
country under one Central Authority and distribution 
under fourteen Area Boards working through sub- 
area and district organisations, must also be noted. 
Ultimately, it is hoped, and we share that. hope, 
that this re-organisation will make for greater 
efficiency, and will enable a truly national scheme 
for electricity supply to be implemented. Tempor- 
arily, however, it means that in a large city like 
Manchester a well-managed self-contained under- 
taking has been disrupted in theory, although we 
trust not in practice ; and that a new organisation, 
working on altogether different lines, has yet to be 
devised in its place. In fact, this disruption is 
occurring on a larger or smaller scale all over the 
country. It would be miraculous if it were taking 
place entirely without friction; and it would be 
unrealistic to ignore that there are difficulties, 
which must be faced and solved. 

Among these, information gathered at the Conven- 
tion shows that questions relating to personnel are 
not the easiest. Under the Electricity Act, 1947, the 
Minister of Fuel and Power was charged with the 
duty of appointing not only the members of the 
Central Authority, but of the Area Boards. It is 
generally agreed within the industry that he has 
carried out this invidious task with skill and without 
undue favouritism. Efficiency, in a word, has not 
been made to give way to sentiment. It is less satis- 
factory that many of those appointed to the new 
bodies from within the industry have been attempt- 
ing for some time to perform the duties of both their 
old and new offices. It is not surprising, therefore, 
that a number of casualties have been reported. 
Equally unsatisfactory, for other reasons, is the 
position of those who have not yet received appoint- 
ments in the new organisation, although it might 
have been expected that these would have been 
offered. The majority of the men affected have 
held senior appointments, and are thus past the 
age when it is easy to secure fresh employment. 
Their situation is rendered more distressing by the 
fact that the conditions with regard to compensation 
for loss of office have not yet been formulated. 
Lord Citrine has announced that conciliation 
machinery for dealing with wages disputes has been 
built up and that it is shortly hoped to make 
arrangements for discussing matters relating to the 
safety, health and welfare of the personnel. Impor- 
tant as such measures are, they are hardly so urgent 
as a plan to deal generously with those who have 
served the industry well, but for whom a place can 
no longer be found. 


The problems of the now nationalised electricity- 
supply industry, however, form only one facet of 
the engineer’s responsibility for the future welfare 
of the country. Events of the past teach us that 
it is possible to convert poverty into plenty; and 
that this conversion was effected largely by the 
efforts of our predecessors in the profession. There 
is good reason for supposing that with the increased 
resources at present available this task can be 
accomplished for a second time. Many obstacles 
will have to be overcome, not the least among which 
will be that of counteracting the tendency of 
politicians to interfere in matters with which they 
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THE DESIGN AND CON- 
STRUCTION OF LARGE DAMS. 


THE increasing demand on the world’s oil supplies 
and the uncertainty regarding their possible useful 
life, coupled with growing difficulties in mining coal 
—4difficulties which are not confined to the British 
Isles—all tend to focus more and more attention 
on the available resources of hydro-electric power. 
Irrigation, too, is being undertaken on a wide scale 
in various parts of the world; and the big cities 
are constantly seeking for new supplies of water, 
often to the great concern of river boards and 
catchment authorities. All these factors combine to 
make the design and construction of dams one of the 
most important branches of modern civil engineering, 
and emphasise the far-sightedness of the governing 
body of the World Power Conference in supporting 
the move, in 1928, to form an Internationa] Com- 
mission to promote research into the subject, and 
to collect experience regarding their design and 
construction, as well as their operation and main- 
tenance. The first Congress was held in Stockholm 
in 1933, simultaneously with the sectional meeting 
of the World Power Conference ; the second, held 
at Washington in 1936, was arranged to coincide 
with the plenary meeting of the Conference in that 
year; and for the third Congress, just concluded, 
the delegates of the 20 participating nations went 
again to Stockholm. 

Since the International Congress on Dams was 
first mooted, practical developments, especially in 
the United States, have given a new interpretation 
to the term “ large dams,” which was held originally 
to mean dams of 15 metres in height or more. That 
arbitrary division is still in force, though it is now, 
we suspect, a matter of slight importance ; but the 
adoption of such a modest standard of largeness has 
the advantage that it permits many more nations 
to participate than would be able to do so if the 
qualification had been the possession of dams of, 
say, 50 metres in height, or even 30 metres. In 
effect, therefore, though not specified in any form 
of words, the qualification to become a member 
nation of the International Commission is the 
possession of an interest in the potentialities of 
water supply and water power, coupled with the 
existence of One or more dams on a scale large 
enough to demonstrate that the interest is genuine, 
rather than proof of the construction of dams on the 
really massive scale. As the technical knowledge that 
a member nation’s experts can bring to the discussion 
of such a subject is not necessarily in proportion 
to the magnitude of the dams under their immediate 
observation, this widening of the “‘ catchment area ” 
of the International Commission is undoubtedly in 
the best interests of their work. 

Since the first Congress was held in 1933, certain 
changes have been made in the organisation of the 
Commission and their work, as the detailed investiga- 
tions of the members showed to be desirable. These 
changes, and the progress made to date, were well 
summarised by Professor Bo Hellstrém, President 
of the International Sub-committee on Concrete for 
Large Dams, in the address which he delivered at 
the opening session of the Third Congress, in the 
Concert Hall at Stockholm on the afternoon of 
Thursday, June 10. At the first Congress, he 
explained, one of the main subjects mentioned in 
the papers and discussions was the question of 
obtaining and using the cements that were specially 
suitable for structures subjected to unilateral water 
pressure. The general insistence on the importance 
of this feature led to the proposal that an inter- 
national sub-committee should be formed to study 
it: a suggestion that was adopted in 1934, at the 
executive meeting of the International Commission 
on Large Dams. The new sub-committee, named the 
International Sub-committee on Special Cements, 
included representatives of eleven countries. 

Before the recent war, this sub-committee studied 
and reported on the methods of testing cements, 
with particular reference to the proportions in the 
mixes used in the construction of large dams. Their 
report was submitted to the Second Congress on 
Large Dams, at the meeting in Washington in 





are not thoroughly familiar. 


1936 ; and, in subsequent years, attention was given 
to the composition of a specification for special 
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cements of this type. The outbreak of war in 1939, 
however, inevitably interrupted this collaboration, 
and it was not until the present Congress that the 
work could be reported on: this report, it was 
mentioned, concluded the first phase of the work of 
the Sub-committee ; but, meanwhile, evidence had 
accumulated of the desirability of widening its scope. 
After the conclusion of hostilities, therefore, when 
it became possible again to pick up the threads of 
this somewhat complex example of international 
co-operation, the proposal was considered to extend 
the field to be covered by the Sub-committee so 
as to include not only special cements, but also the 
concrete made with them. The executive meeting 
of the Commission, held in Holland in September, 
1947, approved this proposal, and the sub-committee 
therefore became “the International Sub-com- 
mittee on Concrete for Large Dams.” 

As stated, the first phase of the sub-committee’s 
work may be regarded as being accomplished ; but 
there is no lack of subjects ripe for consideration 
and, as Professor Hellstrém observed, the main 
difficulty will be to decide on their priority. One 
of the most important studies of the immediate 
future, without doubt, must be to eliminate as far 
as possible the volume changes which are the 
prime cause of cracking. A study of the extensi- 
bility of concrete, therefore, is one of the problems 
which must receive early attention. The deteriora- 
tion of concrete in large dams is no new phenomenon, 
as it has been the subject of discussion in Norway 
and Sweden for at least a quarter of a century. 
The cause, however, was not the alkali segregation 
which has attracted attention recently in the United 
States, but the effect of water percolating through 
the mass of the concrete. Just as water does in 
natural rock beds, it washed away the lime, causing 
eventual disintegration. 

The remedy, obviously, was to make the concrete 
as watertight as posrible, by increasing the cement 
content, using graded sand with a high proportion 
of fines, or by a combination of both methods. 
Unfortunately, increased cement content leads to an 
increase in the heat of hydration, with consequently 
greater risk of cracking. As Professor Hellstrém 
put the matter in a sentence : “‘ We want to increase 
the cement content in order to improve watertight- 
ness, strength and workability, and we want to 
reduce it in order to reduce temperature variation 
and cracking.” The opportunities for research 
work of immediate and permanent value are obvious. 

Another practical constructional problem which 
has arisen in a particularly acute form in the build- 
ing of the very large dams that have been completed 
during the past decade is that of cooling the con- 
crete : not only in the absolute sense, but also with 
a proper regard to the rate of cooling, which is of 
almost as great significance as in the case of large 
masses of optical glass. Ordinary methods of 
refrigeration by inset cooling pipes have been used 
with apparent success, but another method found 
to be efficacious has been the admixture of ice with 
the concrete. In the United States, where this 
method appears to have originated, as much as 
150 Ib. of ice per cubic yard of concrete has been 
used. This is but one instance of the general thesis 
that, even in an old-established process such as the 
setting of concrete, new methods may be worth a 
practical trial; and that a considerable increase in 
the scale of operations may justify a re-examination 
of problems which had been regarded as settled or, 
perhaps, insoluble, by methods that would be accept- 
able on economic grounds. It is in the constant 
survey of these problems, as well as in the instigation 
and support of new research, that the International 
Commission, and its Sub-Committee on Concrete, 
may produce results applicable to other fields than 
that of large dams. 

At first sight, the design and construction of 
large dams and the problems connected with them, 
might seem to be of no great importance to British 

i . The water-power resources of this 
country are relatively small and few large scale 
hydro-electric or irrigation schemes are likely to 
be carried out here, at least for the time being ; but 
it must be remembered, that our engineers’ skill is 
“available for export” and will be stimulated by a 
consideration of the information made available 





at the Congress. 
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Brrtupay Honours List. 


In addition to the names given on page 567, ante, 
the following engineers and technicians have been 
included in the new Commanders of the Order of the 
British Empire in The King’s Birthday Honours 
List: Lieut.-Colonel R. W. Butler, Divisional Road 
Engineer, Eastern Division, Ministry of Transport ; 
Mr. H. J. Crofts, M.I.Min.E., M.1.C.E., Production 
Director, West Midlands Division, National Coal 
Board; Mr. E. S. Curphey, M.B.E., M.LN.A., 
Deputy Director of Dockyards, Admiralty; Mr. 
J. R. Farquharson, O.B.E., general manager, 
Tanganyika Railways; Mr. B. E. Frayling, 0.B.E., 
A.R.S.M., lately Chief Inspector of Mines, Nigeria ; 
Dr. A. A. Griffith, F.R.S., research engineer, Rolls- 
Royce Limited; Mr. C. Hollyoak, O.B.E. 
M.1.Mech.E., Chief Superintendent, Royal Ordnance 
Factories, Woolwich; Mr. P. Croom-Johnson, 
M.I.C.E., Chief Engineer, London Transport Execu- 
tive; Mr. C. Kershaw, M.I.Mech.E., director 
British Optical and Precision Engineers, Limited ; 
Mr. J. W. Norris, Chief Inspecting Engineer, Crown 
Agents for the Colonies ; Mr. G. F. O’Dell, M.I.E.E. 
Director of Contracts, General Post Office ; and 
Lieut.-Col. J. A. A. Pickard, D.S.O., M.Inst.T., 
director-general, Royal Society for the Prevention 
of Accidents. The distinction of Officer of the Order 
of the British Empire has been conferred upon Mr. 
J. M. Binmore, M.I.N.A., M.I.Mar.E., Principal 
Officer, West of Scotland District, Ministry of 
Transport; Dr. W. T. K. Braunholtz, F.R.LC., 
secretary, Institution of Gas Engineers; Captain 
C. C. Buckler, M.I.C.E., lately Regional Director 
of Opencast Coal, Ministry of Fuel and Power ; 
Mr. G. E. Condliffe, M.I.E.E., director, Electric 
and Musical Industries Research Laboratories ; 
Mr. G. L. A. Downing, M.I.C.E., A.M.I.Mech.E., 
Borough Engineer and Surveyor, Hackney Borough 
Council; Mr. G. R. Fenton, M.1.C.E., M.1.Struct.E., 
Chief Engineer, Docks and Inland Waterways 
Executive (Aire and Calder Navigation) ; Mr. C. H. 
Griffiths, F.R.Ae.S., Assistant Director, Engine 
Research and Development, Ministry of Supply ; 
Mr. G. N. Haden, M.I.Mech.E., Chairman of G. N. 
Haden and Sons, Limited ; Mr. Henry Hill, M.I.E.E., 
lately Staff Controller, North Eastern Region, 
General Post Office; Mr. S. W. D. Lockwood, 


works manager, Armstrong-Whitworth Aircraft 
Limited; Mr. W. Mitchell, M.I.Mech.E., chief 
marine engineer, Vickers-Armstrongs Limited, 


Barrow; Mr. S. H. Morgan, M.C., M.LC.E., lately 
Borough Surveyor, Rochdale; Mr. J. Patton, 
M.B.E., M.I.N.A., director and general manager, 
Smith’s Dock Company, Limited; Mr. H. J. Paul, 
M.LC.E., chief engineer, Yorkshire Ouse Catchment 
Board; Mr. E. M. Rice, chief engineer, Rhodesian 
Railways; Mr. H. Shand, M.B.E., lately director, 
G. A. Harvey and Company, Limited, Greenwich ; 
Mr. W. Tye, F.R.Ae.S., Chief Technical Officer, 
Air Registration Board; Mr. W. J. F. Wellard, 
B.Se., D.I.C., M.1.E.E., A.M.I.Mech.E., Superin- 
tending Mechanical and Electrical Engineer, Air 
Ministry ; and Dr. G. D. West, Associate Professor 
of Physics, Military College of Science. Recipients 
of the M.B.E. include Mr. W. H. Dann, 
A.M.I.Mech.E., chief designer, Saunders Engineering 
and Shipyard, Limited; Mr. W. H. Darlington, 
M.Se., A.M.I.Mech.E., engineer, Metropolitan- 
Vickers Electrical Company, Limited; Mr. L. M. 
Horwill, assistant chief draughtsman, Yarrow and 
Company, Limited; Mr. W. T. A. Nicholson, 
A.M.LE.E., electrical engineer, Suva Town Board, 
Fiji; Mr. W. G. Patterson, deputy general works 
manager, Siemens Brothers and Company, Limited ; 
Mr. F. H. Pearn, Superintendent, Engineering 
Organisation, British Overseas Airways Corpora- 
tion ; Mr. D. H. Perkins, chief development engineer, 
H. Hughes and Son, Limited; Mr. J. M. Platt, 
technical manager, Instrument Department, Laur- 
_ence Scott and Electromotors, Limited ; Mr. A. Y. 
Saville, A.M.I.Mech.E., managing director, British 
Jeffrey-Diamond Limited ; Mr. H. Shaw, A.M.I.E.E. 
Area Engineer, General Post Office, Blackburn ; 
Mr. G. M. Tomlin, A.M.I.E.E., Salford Electrical 
Instruments, Limited; and Mr. David Walker, 
Chief Draughtsman, Engine Department, Fairfield 
Shipbuilding and Engineering Company, Limited. 
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INSTITUTION OF MECHANICAL ENGINEERS. 


The Institution of Mechanical Engineers held its 
first post-war summer meeting this week in Glasgow 
—a City not unaccustomed to honouring engineers. 
The meeting opened on Tuesday morning, June 15, 
in the Royal Technical College, which, by permission 
of the Governors, was used as the headquarters of 
the meeting. The Rt. Hon. the Lord Provost of 
Glasgow, Sir Hector McNeill, F.E.1.S., welcomed 
the President, the council and members of the 
Institution and their ladies. He spoke apprecia- 
tively of the work of engineers, having himself 
served an apprenticeship, and expressed his convic- 
tion that engineering developments in the future 
would be no less remarkable than those of the past. 
The President, Major William Gregson, M.Sc., 
said that the Institution was grateful to Sir Hector, 
especially because it was he who had suggested that 
the summer meeting should be held in the City. 
The first summer meeting of the Institution had been 
held in Glasgow in 1856, and there had been a total 
of six such meetings. In recalling some of Glasgow’s 
many associations with engineering, Major Gregson 
referred to James Watt, who was born in Greenock 
and worked, for a time, in Glasgow ; Robert Napier, 
a past-president of the Institution, who was largely 
instrumental in replacing wood by iron for ship- 
building ; and John Elder, who introduced com- 
pound engines in ships. The City, Major Gregson 
said, had also been in the forefront of technical 
education; the name of Professor Rankine was 
honoured in that connection. After the formal 
opening, Mr. T. A. Crowe, M.Sc., read his paper on 
“Some Recent Advances in Mechanical Engineering 
on Shipboard.” He reviewed the developments 
since 1923, when the previous Glasgow summer 
meeting had been held, as seen in the design of six 
large ships, from the Franconia to the Caronia 
(which will shortly be completed), all having been 
built by Messrs. John Brown and Co., Ltd. The 
principal advances had been those due to the change 
from Scotch boilers to water-tube boilers. Referring 
to the Queen Elizabeth, which made her maiden 
voyage across the Atlantic in 1940 without prelimi- 
nary sea trials, he described the methods adopted 
to test the machinery while the vessel was in the 
basin at Clydebank. In the discussion which 
followed, several speakers drew attention to the 
advances in Diesel propulsion, and in the design 
of smaller vessels. While the technical meeting was 
in progress, the ladies were conducted on a tour of 
the University and the City’s notable Art Galleries. 
In the afternoon, the members divided into parties 
and visited the works of Messrs. Babcock and 
Wilcox, Limited; Messrs. Harland and Wolff, 
Limited ; Messrs. John Lang and Sons, Limited ; 
the Mirrlees Watson Company, Limited ; the North 
British Locomotive Company, Limited ; and Messrs. 
G. and J. Weir, Limited. On Tuesday evening, the 
members and ladies were received in the City 
Chambers by the Lord Provost and Magistrates. 
The reception was followed by a dance. The 
remainder of the programme consisted of a meeting 
of the Automobile Division on Wednesday morning, 
for the reading and discussion of a paper on “‘ Export 
Vehicle Design,” by Mr. H. W. Fulton, B.Sc., 
M.I.Mech.E., which we commence to reprint on 
page 595 of this issue; a dinner on Wednesday 
evening; a conversazione on Thursday evening ; 
visits to various works on both days; and a “‘ three 
lochs excursion ” by motor coach on Thursday. 


Macutineé Too, aND ENGINEERING EXHIBITION, 
1948. 


The imperative need for more new machine tools 
to be diverted from export to meet the require- 
ments of industry in this country was emphasised 
by Sir Peter F. Bennett, O.B.E., J.P., M.P., when 
speaking at the Pre-Exhibition Luncheon of the 
Machine Tool Trades Association, which was held 
in the Savoy Hotel, London, on Wednesday, May 26. 
He was responding to the Toast of “‘ The Guests,” 
which had been proposed by Mr. J. Holland Goddard, 
president of the Association and chairman of the 
exhibition committee. Mr. Goddard said that the 
exhibition, which was to be held at Olympia from 
August 26 to September 11, would be the first of its 
kind for 14 years—the last having been held in 1934. 
The whole of Olympia had been leased, and it 





would be the largest exhibition of British and 
imported machine tools ever held in this country. 
Sir Peter Bennett congratulated the industry on 
the achievements of the past 30 or 40 years: there 
was a time, he said, when there were many types of 
machine tools which were only made abroad, but 
British firms were now making all types. He 
thought that much would be gained if firms in the 
industry co-operated for research purposes. It was 
undoubtedly true that, between the wars, insufficient 
money was spent on re-equipping industry ; but the 
matter was not being improved now, when 60 per 
cent. of machine-tool production was being exported. 
The state of capital equipment in this country was 
already lagging, and, very soon, the countries to 
whom we were exporting would use the machine 
tools obtained, and, with the additional advantage of 
cheap labour, would “‘ beat us at our own game.” 
INSTITUTION OF MINING ENGINEERS. 

On Thursday, June 10, the day that the Minister 
of Fuel announced to the country the unpleasant 
statistics of the coal export situation, the principal 
speakers at the dinner of the Institution of Mining 
Engineers were making some interesting observa- 
tions on the coal-mining industry and its problems. 
The dinner, which was attended by the members, 
their ladies and guests, was held at the Royal 
Station Hotel, Newcastle-on-Tyne, and was the 
principal social event of the Institution’s summer 
meeting. The Rt. Hon. the Viscount Hyndley, 
G.B.E., Chairman of the National Coal Board, 
proposed the toast of the Institution. He said that, 
with the industry entering on a great period of 
reconstruction, there was a demand for first-class 
mining engineers. The work of the Institution’s 
education committee provided a sound basis for the 
Board’s training schemes, and there would be good 
openings for the winners of the 100 scholarships 
which they were offering. They were examining the 
suggestion that there should be a number of appren- 
tices mining engineers without premiums and 
this would provide personal contact. The Board 
favoured the presentation of papers before the 
Institution, and they might encourage people in the 
industry to bring forward semi-official matters for 
discussion by the Institution’s members. The 
Institution must remain free and independent—an 
open forum for free debate. With regard to the 
previous week’s output of mined coal (the Board was 
not responsible for the production of open-cast coal), 
Lord Hyndley said he was “ quite encouraged.” It 
was the best for some weeks, but it must be im- 
proved. At the present rate, the target would not 
be reached. He did not wish to rob the home 
market, but coal of the right types and qualities 
must be exported. Professor J. A. S. Ritson, 
D.S.0O., O.B.E., M.C., President of the Institution, 
responded to the toast. After recalling, with some 
personal pride, the splendid history of Tyneside in 
coal mining, he enlarged on the importance of the 
mine manager being solely responsible for his pit. 
Welfare officers, and consultations between both 
sides of the industry, were all very well, but a mine 
could not be run by “a soviet.” He was not 
suggesting that that was happening, but it would 
be a serious matter if it ever came about. It was a 
good thing that the Board and divisional head- 
quarters were not concerned with day-to-day 
running, and could take a detached view; but 
no matter should be allowed to pass to these higher 
levels except through the mine manager. Professor 
Ritson said he believed that every manager should 
be a University graduate, as was the practice on the 
Continent ; not necessarily in engineering—indeed, 
a broad and liberal education in the arts might be 
an excellent foundation for dealing with the problems 
of mining. Concluding, Professor Ritson remarked 
that the National Coal Board was in its infancy ; 
people should be tolerant, and he was confident that 
Lord Hyndley and his colleagues would overcome 
the initial difficulties. In that, the Institution 
would help. The other speakers at the dinner were 
Mr. H. A. Longden, member of council; the Lord 
Mayor of Newcastle-on-Tyne, Alderman T. Mc- 
Cutcheon, J.P.; Mr. Arthur Walker, president of 
the North of England Institute of Mining and 
Mechanical Engineers; and the Rt. Hon. Lord 
Eustace Percy, M.A., D.C.L., LL.D., who appealed 
to the industry to inform the universities of the 








592 





ENGINEERING. 











nature of the academic training required for 
graduates who intended to take up mining as a 
profession. 


Tue INsTITUTION OF METALLURGISTS. 


In the course of a speech which he made at the 
fourth annual meeting of the Institution of Metal- 
lurgists, held at 4, Grosvenor-gardens, London, 
S.W.1, on June 10, Dr. J. W. Jenkin, the retiring 
President, said that the members on the roll now 
numbered 1,700. Recognition of the Institution 
was continually growing; it had been able to play 
an increasing part in matters affecting education 
and its qualifications had been specified by Govern- 
ment departments and industrial organisations when 
announcing metallurgical vacancies. The Institu- 
tion was represented on the Joint Committee on 
National Certificates in Metallurgy, the Parliamen- 
tary and Scientific Committee, the Joint Council of 
Professional Scientists, the Joint Committee on 
Metallurgical Education, and the Mond Nickel 
Fellowship Committee. The result of the election 
of officers was announced at the meeting. Dr. 
Maurice Cook was appointed President, in succession 
to Dr. Jenkin; Mr. E. W. Colbeck and Mr. A. J. 
Murphy, both former members of the Council, were 
elected vice-presidents, and Dr. C. J. Smithells, 
M.C., was re-elected honorary treasurer. Dr. N. P. 
Allen, Dr. L. B. Pfeil, O.B.E., and Mr. L. Rotherham 
were elected members of the Council, and Sir Arthur 
Smout, President of the Institute of Metals, was 
elected to represent that Institute on the Council 
in place of Dr. J. L. Haughton who had retired. 
In recognition of his outstanding services to the 
Institution, Dr. Harold Moore, C.B.E., its first 
President and the registrar until the appointment 
of Dr. A. D. Merriman, G.C., O.B.E., as registrar- 
secretary on April 20, 1948, was elected the first 
honorary member of the Institution. In the course 
of his presidential address, Dr. Maurice Cook 
recalled that the first ordinary general meeting of 
the Institution had been held as recently as Novem- 
ber 28, 1945. The membership was now made up of 
metallurgists of all ages from all branches of the 
profession and included almost every prominent 
metallurgist in the land. 


Hieu-Tension Lines CONFERENCE. 


The International Conference on Electric Systems 
(Conférence Internationale des Grands Réseaux 
Electriques) will hold its biennial meeting in Paris 
from Thursday, June 24, to Saturday, July 3. This 
body was founded in 1921 under the egis of the Inter- 
national Electrotechnical Commission and is sup- 
ported by all the large international electrotechnical 
organisations, so that its membership is extensive. 
The objects of the Conference are to diffuse know- 
ledge of the progress that has been mide in the 
technique of large high-tension electrical systems 
and to study the latest developments in the design 
and manufacture of the great variety of equipment 
available for this purpose. It therefore forms a useful 
clearing house for information, and the papers 
presented are generally of great interest, besides 
being permanent works of reference. The papers 
to be presented this year are divided into four 
sections, covering production, transformation and 
control ; the construction, insulation and upkeep 
of overhead and underground lines ; the operation, 
interconnection and protection of systems; and 
voltages higher than those in common use. Arrange- 
ments are being made for visits to the testing 
station at Chevilly, where experiments are being 
made on 500-kV conductors, especially with regard 
to corona effects, and to the 220-kV transformer 
station on the outskirts of Paris, at which the lines 
bringing power from the hydro-electric stations in 
the Massif Central terminate. At the conclusion 
of the formal proceedings, it will be possible for 
delegates to visit the Massif Central and Alps and 
inspect the stations at Aigle (200 MW), Saint- 
Etienne Cantalés (75 MW), Brommat (180 MW), and 
Sarrans (120 MW), all of which are of modern design ; 
and also,to see the Génnissiat dam on the Rhone, 
where a station, the ultimate capacity of which will 
be 420 MVA, is being built. The chairman of the 
British National Committee is Mr. P. V. Hunter 
and the Secretary Mr. R. A. McMahon, Thorncroft 
Manor, Dorking-road, Leatherhead, Surrey. 





LETTER TO THE EDITOR. 
ENGINEERING UNITS OF FORCE. 


To THe Eprror oF ENGINEERING. 

Str,—The now re-opened discussion on engineering 
units of force appears to have been somewhat widened 
in scope by Dr. J. Kestin’s letter on page 496, ante ; 
but I feel that a few more thoughts must be added 
before we accept his arguments. If my memory 
serves me, Mr. R. H. Young produced a mathemati- 
cal equation containing mass in Ib. and force in Lb. 
not, as Dr. Kestin stated, both quantities in lbs. Mr. 
Young also made it quite clear that the symbol Lb. is, 
in his notation, equivalent to 32-2 lb. mass-ft.-sec.-*, 
better known as the lb. weight. There is a differ- 
ence, again to quote Mr. C. H. Helmer, “‘ not of size, 
but of essential nature.” 

Before going farther, let us attempt to clear the 
“slug” from the argument. The slug is not a 
part of the gravitational system as generally under- 
stood. The more readily satisfied among us have 
been shown how to deal with problems involving 
this unit by Mr. Young’s exposition of Professor 
Stroud’s unity bracket. While possessing a certain 
nuisance value, the slug is unlikely to come into 
everyday use. 

Proceeding to Dr. Kestin’s proposal for a four-unit 
system. He is perfectly correct when, quoting 
Planck, he says “‘the dimensions of a physical 
quantity are not inherent in it, but constitute a 
conventional property conditioned by the choice of a 
system of measurement’; but, a great number of 
theories and techniques have been propounded and 
developed, based on the accepted convention of a 
three-unit system. To change over to a four-unit 
system would create far more confusion than the 
gravitational system. It is no more practical than 
the universa] adoption of metric units of measure- 
ment. We have also to remember that technological 
advances are, to a certain extent, limited by the 
ignorance of the masses. The proposal for separate 
names for the units of mass and force is a long 
overdue reform, but Dr. Kestin selects his terms 
rather unwisely. 


‘ . 1 
Consider once more the equation, F = ; me 


which has appeared with monotonous regularity 
since this correspondence began. Now k is a constant 
of proportionality, and must be a universal constant 
if the unit of force is to be universal. In the 
absolute system unity is selected as the value of i. 
But to return to Dr. Kestin’s quotation from Planck : 
“The unit of mass so defined (L*T-*) is used for 
convenience in astronomy.” In the gravitational 
system k is set as equivalent to the numerical value 
of g just for convenience. Scientifically speaking, 
the term lb. wt. conveys very little unless we know 
the value of g; once this has been ascertained an 
equivalent value in poundals may be calculated : 
a procedure, which, in most practical applications, 
is superfluous. 


1 P 
That the constant in the equation F = ma isa 


subterfuge is undeniable, but surely it is no more 
illegitimate than the astronomers’ use of the 
dimensions L*T-? for mass. The solution to the 
problem is to find a new symbol for the lb. wt. and 
to remember that it is to be interpreted as g poundals. 
Mr. Young’s Lb. seems to fill the first requirement ; 
the second does not present the difficulty that 
purists would have us believe. 
Yours faithfully, 
24, Courtenay-road, V. H. AxForp. 
Walthamstow, London, E.17. 
June 2, 1948. 





RETURN TO SERVICE OF 38.S. “ Rancut.”’—Before 
the war, the Peninsular and Oriental Steam Navigation 
Company employed four liners of the “ R. Class ” on 
their mail service to the Far East. The Rawalpindi 
and the Rajputana were lost on war service, and the 
Ranpura was retained by the Admiralty as a floating 
naval workshop. The Ranchi, a twin-screw vessel of 
16,738 tons gross, served first as an armed merchant 
cruiser and, from 1943, as a troopship. She has under- 
gone extensive reconditioning by Messrs. Harland and 
Wolff, Limited, and is now employed on the P. and O. 
service to Australia, carrying 940 emigrants on the 
outwards voyage, and tourist-class passengers on the 
homeward run. 





__ JUNE 16, 1948. 


BRITTLE FRACTURE IN 
MILD-STEEL PLATES—II. 


(Continued from page 571.) 


WE continue below our reprint of Dr. C. F. 
Tipper’s contribution to the Conference on Brittle 
Fracture in Mild-Steel Plates, held at Cambridge, 
on October 26, 1945. 


Dr. C. F. Treper’s Parer (Continued.) 


From previous work, it would be expected that, 
the sharper the notch, the greater the stress concen- 
tration at the bottom of the notch and the more 
likely a brittle fracture. As the majority of the 
tests designed to find the optimum notch depth 
and angle in relation to the dimensions wete carried 
out before temperature control was found to be 
so vital, the influence of these factors has not yet 
been determined. A few general conclusions can 
be drawn. The deeper the notch in relation to the 
dimensions, and the larger the test-piece, the greater 
the tendency to brittleness. Increase in width of 
the face containing the notch increased the brittle- 
ness. Both these results are in agreement with 
those found in impact and notch bend tests. The 
smallest notch tried, 4, in., in a }-in. strip, produced 
a brittle type of fracture, but the total extension 
was higher than with deeper notches. A change of 
angle, 60 deg. or 45 deg., had no effect on these 
tests. 


In the earlier experiments, a single notch was 
cut to make the specimen as much like an Izod 
test-piece as possible. This causes an asymmetrical 








Fig.57. Fig. 58. 
A 
| 
ae ae 
\ ) 
| ae | 
i: ea ae 
) Crystalline 
Fracture 














Sea 
stress distribution across the test-piece, and even a 
tendency to compress the side of the strip away 
from the notch when fracture starts. Notch bars 
in tension which were subjected to an additional 
bending strain have been found by previous workers 
to be more brittle if the metal has low impact 
values. The stress can be maintained more uniform 
if the strip is notched on both sides, although there 
is evidence that fracture starts from one of the 
notches before the other in a number of such 
test-pieces, owing to the fact that the loading is 
not axial. Shaped test-pieces and special grips 
would tend to overcome this difficulty. 

There are on record several cases where rapidly 
applied loads have caused brittle fractures in 
material which normally deformed in a ductile 
manner. In the present experiments the rates of 
loading or straining could not be controlled, and 
were variable throughout the test. It was observed 
that, if the beam fell on to the stop when fracture 
began and straining proceeded slowly, the fracture 
tended to be fibrous. If the beam remained floating, 
so that the stress on the specimen was maintained, 
then fracture was completed very rapidly and was 
always brittle. Measurements of the rate of propa- 
gation of fracture are being made by means of 
cinematograph films and a special stroboscope. The 
suggestion that there is a close connection between 
high speeds of loading and low temperatures has 
been put forward by several workers. Previous 
work has shown that the energy absorbed in frac- 
ture is'less at high rates of loading. Tests at high ° 
speeds that report increased ductility with low 
energy absorption are open to criticism; but it 
may well be that plastic deformation is less suscept- 
ible to changed rates of straining than fracture, 
just as it is less affected by low temperatures. The 
effect of speed may be twofold: the higher the 
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rate of deformation, the less the distortion ; and the 
less the distortion, the greater the ease with which 
the fracture passes from crystal to crystal. High 
speeds and low temperatures have analogous effects 
on the strength and ductility of metals. 

Fracture is observed to start with the formation 
of a crack in the centre of the notch. When the 
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crack has reached the ends of the notch, it spreads 
rapidly across the strip. The slow beginning of the 
crack accounts for the small ductile zone observed 
near the base of the brittle fractures. These steps 
are illustrated by means of the drawings, Figs. 57 and 
58, opposite. It is clear that such a mechanism of 
fracture depicted here can lead to a complete sepa- 












MILD-STEEL PLATES. 

















FRACTURE OF PLATE 2. 





Fie. 61. 


ration of the plate, with local distortion confined 
entirely to the material adjacent to and in the 
planes of fracture. The two parts represented 
by ABOP and CDOP are torn apart, as their 
line of intersection O P moves progressively across 
the strip. Where there are two notches, the 
fracture may start from both and meet at some 
point between them, according to which starts 
first. There have been several instances where 
the crack from one notch has travelled nearly 


| to the second before being met by the crack which 


originated at the bottom of the second notch. If 
the paths of the two cracks do not meet exactly, 
a small strip of metal may actually separate between 
them. No explanation can be put forward at 
present to account for the change from a cleavage 
to a fibrous fracture. Two instances of this have 
been observed in cracks in two ship plates and are 
described in Section II of this report. 

Reference to Table I, page 569, ante, shows that 
the yield stress was always reached before fracture 
was observed to begin. In some cases and in certain 
steels, values approaching the ultimate stress in a 
normal test were obtained. Measurements have 
shown that the propagation of the fracture in a 
ductile steel proceeds at a mean stress equal to 
that of the ultimate breaking stress. There are no 
means available at present for measuring the 
stress, which may be less than the ultimate or even 
the yield, required to propagate a brittle fracture. 
It is most likely, however, that the ultimate breaking 
stress is reached at the base of the notch, where 
the metal deforms plastically before cracking. Since 
plastic deformation has been observed in every case 
at the bottom of the notch, the shape of the notch 
does not appear to be so important in a ductile 
materia] as it is sometimes considered to be. The 
depth of the notch is more important, and it will 
be observed in Table I that the extension before 
fracture was greater with the smallest notch. In 
connection with the effect of shape and size of 
notch, attention may be drawn to a test on Plate 
ER.9826, which fractured, not at the notch, but 
at a flaw on the surface of the steel (Fig. 49, on 
page 571, ante); and to a brittle fracture starting 
from a flame cut edge. 

One strip of Plate 3 was polished before testing, 
in order to investigate the detail of the fractured 
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Piate 2. CRACK NEAR EnpD. x 150. 
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Fie. 70. Prate 3. x 150 


edge. After breaking, a few crystals showed slip- 
bands. over the whole strip, consistent with the 
observation that the yield point had been exceeded. 
Near the base of the notch there was considerable 
distortion, which became less away from it (Figs. 59 
and 60, on page 593). Some of the crystals showed 
straight c’eavage fractures and secondary cracks 
running in a short way from the main fracture. 


Section II. 


Particulars of the sources of the plates, their 
analyses and mechanical properties are given in 
Table II, on page 570, ante. Several of them had 
fractured in service, but, by the time they reached 
the laboratory, the fractures and cracks were coated 
with rust and details of their structure were lost. 
Sections were cut through the fractures and at some | 
distance from them, and in two directions at right | 
angles in the plate. In no case was it possible to! 
determine the direction of rolling with certainty, 
and the absence of marked directional properties 
was confirmed by mechanical tests. In further| 
confirmation, and to-ascertain the degree of preferred 
orientation in the plates by means of X-rays, samples 
from three of them were sent to Mr. Thomas at 
Woolwich, who reported some evidence of it in 
Plate 3, but none in Plate 2 or E.R. 9826/1. 

In the preparation of the sections, particular | 
attention has been paid to the size of the ferrite 
crystals, as well as to their shape. The frequency 
of non-metallic inclusions, characteristics in the 
structure of the pearlite and other special features 
are referred to in the case of each plate. The effect | 
of normalising has been studied and a few experi- | 
ments made on the effect of straining and heat- | 
treatment. 

The fractures were perpendicular to the plane | 
of the plate except at the ends of cracks in Plates | 


Fig. 71. Puate 3. x 150. 
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Fie. 73. Prate 3. Near Enp or CRACK. 
x 60. 


2 and 3, the only two plates in which the ends of 
the cracks were included in the samples sent. The 
direction of ‘feathering’ was away from the 
crack origin, in those cases where this was known, 
and there was no distortion of the plate except 
in Plate 2. The change in character of the fractures 
is referred to again in the description of the plates. 
Fig. 61, on page 593, shows this change in the case 
of Plate 2. 

In the brittle region, polished sections which 
included the fracture showed a jagged outline with 


| small secondary cracks associated with the main 


fracture. These cracks ran across the ferrite 
crystals, often changing direction as they passed 


| place by shear on planes of indices 
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Fic. 69. Prate 3. 














Fie. 72. Prats 3. Near Enp or CRAcK. X 60. 


| from one grain to the next. (See Figs. 62 and 70, on 
page 593 and on this page). It may be concluded 
|from their appearance that they are cleavage frac- 
tures, their path following crystallographic directions 
in the iron crystals. The crystal size of the plates 
was too small for an X-ray analysis to be made of the 
cleavage planes, to determine their indices. Some 
soft iron was specially treated to produce large 
crystals, which were then notched and broken in the 
|Izod machine at a low temperature. Perfect 
| cleavage fractures were obtained and the orientation 
of the planes was determined at the Crystallographic 
Laboratory. They were found to be parallel with 
the cube faces (indices {100}) of the iron crystals, 
|in agreement with the previously determined 
cleavage planes of iron. It seems justifiable to 
conclude that the fracture planes of the ferrite 
crystals in steels are of the same nature. 

Plastic deformation in iron most probably takes 
{110} and 
{112}. Very little plastic deformation has been 
observed in connection with the cleavage fractures, 
and it must be assumed that the conditions under 
| which they form, such as low temperatures and 
high speeds of loading, are unfavourable to the more 
usual method of yielding. The change in character 
of the fractures is probably associated with the 
change in the method of failure, which is by cleavage 
in the one case and by plastic shear in the other. 

The structure of Plate 1, which was sent by Mr. J. 
Turnbull, is shown in Figs. 62 and 63, on page 593, 
|at a point very near to the fracture. Cracks, 
| probably connected with the main fracture behind 
the plane of the section, are characteristic of the 
straight cleavage fractures already referred to. 
Near the fracture, but in no other part of the plate, 
a few Neumann bands were observed. These 
bands are known to be formed in iron and the ferrite 
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of mild steel under conditions of shock, and their 
formation has been found to be inhibited entirely 
by previous plastic deformation of more than 0-28 
per cent. Their presence indicates that fracture 
was not preceded by plastic deformation of an 
amount greater than this, and also that the plate 
had been rolled and finished at a temperature high 
enough to leave it in a condition free from cold 
work. A high finishing temperature is also indicated 
by the relatively large ferrite crystals, with very 
clear-cut boundaries. The structure was not, 
however, exceptionally coarse. Normalising did 
not alter the Vickers hardness numbers. Slag 
inclusions, which were of two kinds, were not exces- 
sive, nor was the structure markedly laminated. 
No notch tests on this plate have been carried out 
but some further experiments are described later. 

The drawing reproduced in Figs. 64, 65 and 66 on 
page 593, is a copy of one sent by Mr. G. M. Boyd to 
show the relative positions of Plates 2 and 3, from the 
s.s.Samzona, Plate 2 was a hatch-coaming plate, and 
Plate 3 a deck plate ; both had fractured in service. 
From this drawing it will be seen that cracks started 
from the same point and ran into both plates. Rele- 
vant extracts from Mr. Boyd’s report are as follows :— 

“There. seems little to account for the crack 
except for the following circumstances, which may 
have contributed :— 

“1, There is some concentration of welding 
around the base of the ’tween deck pillar. 

‘**2. There is a discontinuity caused by the brow 
plate being stopped in way of the pillar. 

‘3. There is a dent in the half-round on the lower 
edge of the hatch coaming, indicating a heavy blow, 
probably caused when handling heavy cargo several 
months ago. 

**4, There are signs of strain in the hatch coaming 
plate in the form of Liider’s Lines in the paint work 
leading from the dent towards the base of the 
‘tween deck pillar. 

**5. The deck beam on frame station 35, star- 
board side, is buckled in two places, indicating 
possible rough handling of heavy cargo.” 

Plate 2, from the hatch coaming, appeared to 
be of good quality steel, free from excessive inclu- 
sions and of uniform medium-sized grains. An 
abrupt change in character of the fracture was 
observed, similar to that found in notch tensile 
tests, halfway through the specimen towards the 
end of the crack. From being a typically brittle- 
type fracture at right angles to the plane of the 
plate, it changed to a silky one at approximately 
45 deg. to the plane of the plate (Fig. 61, on page 
593). Sections near the bottom of the crack showed 
almost undistorted metal on one side and consider- 
ably deformed metal on the other (Fig. 67, opposite). 
Such a condition could hardly arise if the crack had 
been caused by the reported deformation of the 
plate, when both sides should show signs of distor- 
tion. It could be explained, however, if the crack 
was there previous to the damge which caused the 
formation of Liider’s Lines, so that the metal on 
one side was compressed against that of the other. 

The sample of metal available was not sufficient 
for more than two tensile test-pieces, one notched 
and one Izod test-piece, since it was considered to 
be undesirable to attempt to obtain tests on any 
portion of the plate that was bent or in which the 
structure might have been affected by welding or 
cutting out. The notch tensile test gave a brittle- 
type fracture, but the breaking stress was even 
higher than that of a normal test-piece, which in 
this case was round. Plate 3, the deck plate, has 
provided the material for most of the experiments 
on notch tensile tests described earlier in this report. 

The steel has a large number of undesirable 
inclusions and is badly laminated. The surfaces 
are decarburised, and this explains the difference 
in hardness measurements obtained. The grain 
size is medium to small. The carbide in the pearlite 
is partly spheroidised and tends to be segregated in 
the crystal boundaries. Figs. 68 and 69, opposite, 
illustrate these points. It will be noticed from the 
analysis given in Table II, on page 570, ante that 
this plate contains 0-10 per cent. of chromium. 
The structure was improved by normalising, but the 
hardness remained unaltered. The fracture was 
typical of the kind under investigation and there 
was no evidence of deformation right up to the edge, 
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where the paint was still adhering. It was possible 
to cut out the end of the crack and so to section it 
that both surfaces of the fracture could be examined. 
Such a section is shown in Figs. 70 and 71, opposite. 

The ragged outline, cracks a little way in from 
the fracture, and slight distortion of the crystals 
immediately adjacent are shown. Neumann bands 
also appeared near the fracture in this plate. 

As the base of the crack was approached, its 
character changed ; it became smoother in outline 
and its path was no longer perpendicular to the 
plane of the plate. The change in appearance is 
best appreciated by comparing Fig. 72 and Fig. 73, 
opposite, which are photographs of this same 
crack taken within a few millimetres of each other. 
It is possible that the “* ductile ” continuation of the 
crack may have occurred in removing the plate from 
the ship or in transit by rail, as considerable move- 
ment between the two parts of the plate was possible. 
The brittle crack stopped just short of deck beam 
No. 35, which may have contributed to its arrest ; 
or, by the time fracture had reached this point, the 
stress was insufficient to carry it farther. 

(T'o be continued.) 





EXPORT VEHICLE DESIGN.* 
By H. W. Futron, B.Sc. (Eng.), M.I.Mech.E. 


Tue feature in design which the author places above 
all others is that the man responsible must have some 
experience of operating conditions similar to those for 
which he is being asked to design. It is not possible to 
gain the vital experience second-hand: designers must 
see, and feel, for themselves the objectionable features 
of the conditions of operation and of existing designs. 
As part of his training, a designer must meet cus- 
tomers, their maintenance men, and drivers. Cus- 
tomers will sometimes be more frank to a designer than 
to the sales staff; similarly, drivers will often talk to an 
understanding outside designer more freely and more 
truthfully than they would to one of their own superiors. 
In the past, the major demand for an article has 
generally been from users in this country; overseas 
customers have accepted articles conforming with this 
country’s standards. To change the balance of dis- 
tribution in favour of export, one has to cast the over- 
seas net much wider, and to convince overseas users 
that one’s article is the most suitable for their purposes, 
rather than an article developed for the home market 
but sufficiently suitable to warrant its purchase. 

Local regulations governing the operation of vehicles 
impose restrictions on standardisation. Where a 
sufficient volume of overseas demand requires articles 
contravening home regulations, it should be most 
earnestly considered whether home regulations ought 
not to be altered to permit uniform production for 
home and overseas. Failure to bring home regulations 
into line with overseas regulations imposes onerous 
trade restrictions. The regulations governing the 
overall width of vehicles illustrate this: overseas 
territories generally permit a maximum overall width 
of 8 ft., and yet, with a very few exceptions, for some 
passenger vehicles, it is restricted at home to 7 ft. 6 in. 
As a result, manufacturers and designers have to 
produce two models to do one job; neither is as econo- 
mical as it might be, and both are more difficult to sell 
in competition with manufacturers of other countries 
not so handicapped. Home regulations having a 
similar effect are those governing the lengths of passen- 
ger vehicles, the taxation, on an unladen weight basis, 
of goods vehicles, and restrictive taxation on private 
cars. In some overseas areas there are regulations 
limiting maximum weights of vehicle and axle loads. 

This country’s adherence to the left-hand rule of the 
road penalises its export. So far as the author is 
aware, the main cause is\that there are difficulties in 
re-arranging existing public-service vehicles to discharge 
their passengers from the opposite side. The country 
has never needed renewal of its omnibus fleets more, 
and the present would seem an opportune moment to 
achieve the change over. During the 1939-45 war, the 
experience of changing from the right-hand to the left- 
hand rule of the road showed that the effect on the 
driver is extremely short lived. It will be alleged that 
the national cost of such a change-over would be pro- 
hibitive, but the author disputes this. There are 
some 30,000 single-deck and 30,000 double-deck 
omnibuses; the passenger entrance of a single-deck 
vehicle could be changed fairly easily to the present 
off-side, and the change could be carried out in rotation, 
while most of the vehicles were still in service. The 
real difficulty arises with double-deck vehicles. The 





* Paper read at the Summer Meeting of the Institution 
of Mechanical Engineers, Automobile Division, at the 
Royal Technical College, Glasgow, on Wednesday, June 
16, 1948. Abridged. 








change of the staircase from right to left is practicable 


but costly. Supposing the cost were 2001. per vehicle, 
however, the outlay would only be about 6,000,0001. 
A more difficilt problem is that of carrying on the 
service during the change-over period. The author 
believes this could be done by having a half-way stage 
of conversion in which passengers were temporarily 
discharged from the rear. Even supposing the whole 
charge for conversion of single- and double-deck ’ buses 
amounted to 8,000,000/., it would be a small amount 
to pay for the standardisation without which our 
future as an exporting nation will be jeopardised. 

The influence on the designer of a change in the rule 
of the road may not be fully appreciated unless it is 
remembered that most commercial vehicles and omni- 
buses have the driver located on one side of the 
engine, and therefore the auxiliaries, for accessibility, 
are on the opposite side. This develops the one-sided 
engine, which, if it is not always to be the same side, 
imposes some difficult design problems. The author 
regrets that vehicles now being designed for the Services 
conform to the British rule of the road, whereas they 
are likely to operate with the opposite rule. Designers 
are therefore being asked to produce new power units 
unsuitable for the bulk of the export market. 

The conditions of import into other countries are 
often controlled by a system of regulations, compiled, 
in some cases, to foster local industries. In general, 
the more highly developed the country, the more 
severe the restrictions. Sometimes the import of com- 
pleted body work is virtually prohibited, and further 
restrictions prescribe the extent to which a chassis must 
be “ broken down ” to meet a tariff with reduced charges 
for higher degrees of dismantling This tends to lead 
to smaller units in production, with considerable 
increase in cost. The problem is to produce something 
which for the home market is a finished article, but for 
one country must have no tyres or road springs and a 
completely “‘ knocked-down ” body, and, for another. 
mmay not be permitted to have a body at all, although 
in the less developed areas it is acceptable in home 
condition. This is rather a strong argument against 
the development of the chassis-less construction, and 
in favour of simple design, permitting, when required. 
local manufacture of as much of the vehicle as feasible. 

The conditions under which a vehicle is going to 
operate need to be known, and the range of information 
required is wide enough to present some difficulty. 
Road surfaces, for example, can vary from a modern 
concrete highway, through degrees of metalled roads, 
to surfaces composed of the natural soil, of sand, earth, 
clay, or stones. There are variations, as in Southern 
Rhodesia, where strip roads, consisting of parallel 
strips of made track, are laid, rather like railway lines, 
on the soil. Descriptions of these roads vary con- 
siderably, and much useful work could be done in 
confining road conditions on an agreed international 
basis. Concrete highways probably mean high average 
speeds with high operating temperatures and heavy 
loads. Strip roads demand attention to suspension 
and steering gear, because of the harsh treatment 
vehicles receive when passing. Operation over corru- 
gated earth roads is a trying experience, both for 
vehicle and crew, unless the engine power is sufficient 
to attain a speed above the critical point at which the 
vibratory effect of the corrugations ceases. The fragile 
nature of the corrugations, and the violent effects on a 
vehicle moving below the critical speed, are surprising. 
The surface ripples are composed of very soft sand, 
generally of a wind-blown texture, superim on a 
harder, more level base. The author has seen ripples 
about 1 in. in height, but they are usually about half 
that amount. They are easily rubbed out with the 
hand, and trailing the branch of a tree will do much 
to ease the condition for following traffic. 

Vehicles required to travel over terrain where there 
are quantities of small loose stones require ample 
clearance between tyres and adjacent fixed parts, and 
must have vital units, such as batteries and petrol 
tanks, suitably protected from flying stones. The use 
of twin tyres is not recommended, because damage to 
tyres can result from the wedging of stones between the 
twins. Where loads would appear to demand the use 
of twin tyres, very large section single tyres are com- 
monly used, but these, unfortunately, are also of very 
large diameter and require a correspondingly higher 
floor level, or objectionably large wheel arches. There 
is a real need for a tyre of great width but not of large 
diameter. There is difficulty in manipulating the large 
single spare tyre and housing it on the vehicle. People 
of certain lightly-built races find it physically impossible 
to handle large spare wheels; a form of hand winch 
for the spare-wheel carrier becomes necessary. In 
sparsely timbered areas without proper roads, and 
where trees have been destroyed by fire, serious tyre 
failures result from penetration by tree stumps shar- 
pened and hardened by burning until they resemble 
spears buried in the ground. Such stumps, and also 
sand, or deeply-rutted roads, necessitate additional 
ground clearance. 





(To be continued.) 
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LABOUR NOTES. 


In the industries covered by the statistics regularly 
compiled by the Ministry of Labour and National 
Service, the changes in rates of wages reported to have 
come into operation in the United Kingdom during 
April resulted in an aggregate increase estimated at 
approximately 146,000/. in the weekly full-time wages 
of about 555,000 workpeople. In addition, a number 
of workpeople had their hourly rates increased so as to 
give approximately the same weekly wages as before for 
a shorter working week. 





The principal groups of workpeople affected were 
employed in the iron and steel industry, the woollen 
and worsted industry in Yorkshire, the gas industry, 
the pottery industry and the hosiery industry in the 
Midlands. Among other groups who received increases 
were persons engaged in milk distribution in Scotland, 
manual workers employed in the non-trading services 
of certain local authorities in Glamorganshire and 
Monmouthshire, female employees in the retail confec- 
tionery trade in Scotland, and male and female opera- 
tives in the bleaching, dyeing, and finishing trades in 
Northern Ireland, and in the waterproof-garment manu- 
facturing trade in Lancashire and Cheshire. 





The changes in hours of labour reported to have 
come into operation in April resulted in an average 
reduction of 2} hours of work for about 48,000 work- 
people. The principal groups affected were persons 
employed in waterworks undertakings in England and 
Wales, whose normal working week was reduced from 
47 to 44 hours for day employees and from 48 to an 
average of 44 hours for shift employees, and in the 
manufacture, in Northern Ireland, of linen and cotton 
handkerchiefs and household goods and linen piece 
goods where normal weekly working hours were reduced 
from 47 to 45. 


The number of stoppages of work arising from 
industrial disputes in the United Kingdom reported to 
the Ministry of Labour and National Service as begin- 
ning in April was 184. In addition, 18 stoppages 
which began before April were still in progress at 
the beginning of that month. The approximate 
number of persons involved during April in these 
202 disputes (including those thrown out of employ- 
ment at the establishments concerned, although not 
themselves parties to the dispute) is estimated at 
86,000. The aggregate number of working days lost 
at the establishments affected during April was about 
619,000. Of the stoppages of work through industrial 
disputes known to have been in progress at some time 
in April, the coal-mining industry accounted for 129, 
involving 44,500 employees and resulting in an aggre- 
gate loss of 120,000 working days. 





Of the 184 disputes leading to stoppages of work in 
April 10, directly involving 26,200 persons, arose out 
of demands for advances in wages ; 37, directly involv- 
ing 10,900 persons, arose out of other wage questions ; 
six, directly involving 500 persons, arose out of ques- 
tions relating the working hours ; 32, directly involving 
4,500 persons, arose out of questions respecting the 
employment of particular classes of persons, 72, 
directly involving 10,500 persons, arose out of 
questions relating to working arrangements. Seven 
stoppages, directly involving 1,900 persons, arose out 
of questions of trade-union principle. 





Mr. Isaacs has made a special appointment at the 
Ministry of Labour for the purpose of stimulating the 
development of joint production committees at the 
factory level; Mr. L. Roberts, chief labour officer of 
I.C.I., Limited, will take over the post on July 1. He 
served at the Ministry of Labour during the war as 
under-secretary for welfare and personnel questions and 
is the immediate past president of the Institution of 
Personnel Management. 





Men and women in the furniture-manufacturing 
industry will receive wage increases of 7s. 4d. and 
6s. 6d. a week, respectively, under an agreement 
reached between the employers and the National Union 
of Furniture Trade Operatives, taking effect as from 
Whit Monday. This includes, it is understood, provi- 
sion for an interim cost-of-living bonus until the new 
official] index is available. 





A resolution adopted at the annual conference of the 
Electrical Trades Union—which took place at Great 
Yarmouth last week—appealed to the Trades Union 
Congress to set up a Youth Advisory Council and the 
Trades Council to develop similar machinery. Mr. L. 
Ganton, who moved it on behalf of the executive, said 
that even in industries where negotiating machinery 
was firmly established shockingly low wages were paid 
to youths and girls. Hundreds of them were working 
without agreements—some worked in occupations not 








covered by legislation and were employed as cheap 
labourers in many blind alley jobs. 





Addressing the annual conference of Trades Councils 
at Derby last week, Mr. Vincent Tewson, general 
secretary of the Trades Union Congress, said that there 
had been much irresponsible talk about the General 
Council agreeing to wage freezing. That was not true, 
Mr. Tewson declared, and the people who used the 
term knew that it was not. The General Council 
desired that there should be a measure of restraint on 
the question of personal increases. The line was not, 
he was sure, a popular one to take, but the problem 
was serious, and had to be faced. According to Mr. 
Tewson, the General Council is not yet satisfied with 
what has so far been done to limit profits. 





Mr. Ness Edwards, Parliamentary Secretary to the 
Ministry of Labour and National Service, stated in 
South Wales last week that the National Coal Board 
had decided to draw up a list of jobs in the mining 
industry in which disabled persons would have a claim. 
Claim negotiations, he added, had also been opened 
with the National Coal Board with the object of linking 
the factories established by the Disabled Persons 
Employment Association and supply the needs of the 
mining industry in South Wales. 





Statistics issued by the Ministry of Labour and 
National Service show that the total working popula- 
tion in Great Britain—men up to the age of 65, and 
women up to 60, in work or available for work—de- 
clined during April by 13,000 to 20,350,000. The number 
of men was decreased by 19,000 but this was partly 
offset by an increase of 6,000 women; the first time 
since last November that the figures for women have 
shown anincrease. The number of persons in insurable 
occupations registered as unemployed fell from 300,840 
on April 12 to 290,006 on May 10, a decrease of 10,834, 
in which all regions shared. The reduction was 
greatest in London and the South East, where it 
accounted for 2,212 of the total, and least in the 
North Midlands region, where it amounted to only 248. 





The annual conference of the Amalgamated Engineer- 
ing Union was opened at Brighton on June 14. Mr. 
Jack Tanner, the union’s president, in his introducto 
address, urged that patience and caution should take 
the place of threats and restrictive practices, in view 
of the present economic situation. No worse advice 
could be given than to advocate the holding up of 
output to force improvements in wages and working 
conditions. The workpeople must supply the goods. 
The granaries and storehouses of the world were empty, 
and threats and embargoes would not fill them. Only 
by increased production, particularly in the engineering 
industry, would they be filled. 





Mr. Tanner urged the need for full employment, 
which he considered essential to increased output. 
He pointed to the detrimental effects of unemployment 
on workpeople and said that the union and the Govern- 
ment must maintain full employment, whatever it 
might cost in budget balancing. Many resolutions 
are due for consideration by the conference, including 
several on wage questions, some of which Mr. Tanner 
considered it would not be practicable to put into 
operation. 





On Wednesday, the conference discussed the rejec- 
tion by the employers of the engineers’ claim to a wages 
increase of 13s. a week, based on the cost of living, and 
suggestions of strike action were made. Mr. Tanner 
commented on the seriousness of the situation and 
asked the conference to consider the national interest. 
The matter was adjourned for the introduction, on 
Thursday, of emergency resolutions to decide upon 
recommendations for consideration at the York con- 
ference of some 30 executive committees of engineering 
unions, which will consider this question. At Man- 
chester, on Wednesday, 1,500 shop stewards resolved 
to demand a further meeting with the employers on 
the wages claim. 





An unofficial strike of London dock workers, involv- 
ing nearly 12,000 men commenced on June 14, in con- 
sequence of which import-and export cargoes on 
over 80 ships are held up. The strike arose out of a 
demand by 11 men for payment at the rate of 5s. a 
ton for moving a cargo of zinc oxide, instead of the 
agreed rate of 3s. 4d. a ton, on the ground that it was 
“dirty” work. The referee confirmed the 3s. 4d. rate 
and, on the men refusing to work at this rate, they were 
sentenced to disciplinary penalties by the Dock Labour 
Board. This was resented, and has resulted in the 
present strike. The dispute was referred to a court of 
appeal representative of the two sides, which failed to 
agree. A new tribunal, with Sir Robert Aske, K.C., as 
chairman, has been set up. 
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In 1936, the possibility of —g my my ae road testing 
of locomotives was considered by the London Midland 
and Scottish Railway Company (now the London 
Midland Region of British Railways), but as neither the 
long inclines required for the Lomonossoff method of 
testing, nor long stretches of level track such as are 
used in Poland and Germany, were available, it was felt 
that it would be impossible to maintain sufficiently 
constant conditions for accurate measurement. The 
resistance of the track due to gradient and curvature 
being irregular, it follows that, to maintain constant 
speed, the resistance of the train must be adjusted in 
compensation, and the more irregular the track, the 
greater must be the proportion of the controllable 
tractive effort to the weight of the train. It is clear 
that the earlier experimenters found difficulty in main- 
taining stability of control, and therefore arranged to 
use such track as would require the minimum adjust- 
ment of the braking tractive effort. In the earlier 
experiments of Lomonossoff, the value of this ratio was 
small ; it was greater with the methods of Czeczott, and 
about 5 per cent. could be reached with the brake 
locomotives of Nordmann. Theoretically, therefore, the 
German method should be capable of maintaining 
steady conditions on reasonably undulating track, but 
in practice the large and sudden adjustments required 
to the controls would result in “ hunting ” of the speed, 
which would make accurate measurement difficult or 
impossible, and if more than one brake locomotive were 
employed, train surge would probably be set up. What 
was required, therefore, was a train having a system of 
braking capable of absorbing large amounts of energy 
by some readily controllable means, having a minimum 
weight, and with a control, of high sensitivity and rapid- 
ity of action, which would automatically compensate 
for variations in the resistance to motion of the train. 
Thus was envisaged a system in which a locomotive 
running on the line could be automatically maintained 
at a steady rate of working, as on a stationary testing 
plant. 

It appeared that these requirements could be met 
by the combination of an electric locomotive with 
rheostatic braking, and an automatic control employing 
the hot-cathode mercury-arc rectifier or thyratron, 
which at that time had recently been introduced. 
The author’s original suggestion in 1936 was for two 
existing electric motor-coaches to be modified for 
rheostatic braking, with separate excitation of the 
generators, and a water resistor to dissipate the absorbed 
power. The fields were to be supplied from a thyratron 
rectifier, the output of which was controlled to maintain 
constant speed, as measured by a tachometer generator 
driven from one of the axles. This scheme was adopted 
in principle, but it was decided to proceed directly to 
the construction of a more permanent testing set, 
including a new dynamometer car, and a special tender 
for measuring the fuel and water consumption. Ap- 
proved in 1937, the development and construction of 
these vehicles were undertaken jointly by the Chief 
Mechanical Engineer’s department, the then Electrical 
Engineer’s department, and the Research department, 
of the Railway, together with the British Thomson- 
Houston Company, of Rugby. The mobile testing plant 
in use is shown in Fig. 1, opposite. The maximum 
performance which was specified is shown in Fig 2, 
opposite, and called for an absorption of 51,500 Ib. 
tractive-effort between 10 and 22 miles per hour, and of 
3,000 continuous horse-power between 22 and 120 
miles per hour. 

In view of the wide range of speed over which the 
maximum power was required, some variation in gear 
ratio was essential, otherwise the size of the generators 
would have been excessive. The changing of gear 
wheels, however, is an inconvenient operation, while 
the power involved seemed too great for the adoption 
of any form of mechanical gear change. It was also 
desirable for the power to be distributed among a 
number of units, as a single unit having the desired 
characteristics would have been of excessive propor- 
tions, and would have been too heavy for carrying out 
high-speed tests on a small locomotive. It was decided, 
therefore, that the power should be absorbed by three 
braking units, Nos. 1, 2, and 3, each having four generat- 
ors totalling 1,500 h.p., but having different gear ratios 
corresponding to maximum speeds of 50, 90, and 120 
miles an hour, respectively. Below 50 m.p.h., all 
three units are employed, providing the maximum 
tractive effort and maximum adhesion. Above 50 
m.p-h., units Nos. 2 and 3 only are used, which together 
can absorb 3,000 h.p. up to 90 m.p.h. Above 90 
m.p.h., unit No. 3 wil normally be used alone, giving 
1,500 h.p., but, for occasions requiring the full 3,000 h.p., 





* Paper presented at a meeting of the Institution of 
Mechanical Engineers, London, on Friday, April 16, 
Abridged. 
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the gear ratio of No. 2 unit may be altered to that of 
No. 3 by changing the pinions only. To maintain the 
specified tractive effort between 10 and 22 m.p.h., it is 
necessary for the values of loading resistance to be 
changed ; this is done in two steps, the second step 
applying to No. 1 unit only. The complete characteristic 
thus obtained is given in Fig. 2, together with the 
independent characteristics of the separate units. 
The units may be used either independently or in any 
combination, No. 2 unit being designed as a general 
purpose unit capable of absorbing 1,500 h.p. and trac- 
tive efforts up to 15,000 Ib. 

Preliminary study of the characteristics and probable 
performance of the automatic control revealed that, to 
achieve stability, the speed of the train should be mea- 





sured on an independent vehicle of considerable inertia, 
by an unflanged wheel running freely upon the rail, 
and that resilience between the test locomotive and the 
dynamometer car should be a minimum. It was 
therefore decided that the dynamometer car should also 
function as an independent control vehicle, the drives 
for the tachometer generator of the automatic control, 
and for the measurement of distance, being taken from 
a single unflanged road wheel, and the tractive effort 
being measured by a hydraulic dynamometer. The 
complete train comprises the test locomotive, the special 
tender, the combined dynamometer and control vehicle, 
and one, two, or three braking units, as required for 
the test. 

Before construction of these vehicles was begun, 
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various experiments were put in hand to obtain pre- 
liminary information regarding the design. To ascer- 
tain the probable riding characteristics when running 
at high speed, a train was made up to represent the test 
train as closely as possible. In addition, duplicates 
of certain portions of the proposed drives and running 
gear were manufactured and tested to destruction under 
direct or repeated loads. Finally, one braking unit 
was completed in advance of the others-for testing 
the automatic control, for which purpose a set of master 
controls was temporarily installed in another coach to 
serve as the control vehicle. These tests enabled 
experience to be gained in advance of the working of the 
equipment, and, as a result, several improvements 
were made in the design. The first unit was placed in 
service in May, 1939, the other units and the tender 
being completed in 1947. Unfortunately, it has not 
yet been possible to complete the new dynamometer 
car, so an existing dynamometer car has been utilised 
in its place, having been equipped with the master 
controls and other apparatus that will ultimately be 
installed in the new car. 

3 In view of the difficulty of making measurements upon 
a moving locomotive, and to avoid, as far as possible, 
the work of specially equipping each locomotive to 
be tested, arrangements are made for all apparatus 
wherever possible to be distant-reading, or otherwise 
transferred to some other portion of the train. Thus, 
the special tender carries the equipment necessary for 
measuring the coal and water consumptions of the 
locomotive. It is constructed on standard lines with 
a 3,500-gallon tank, but contains a corridor and a 
specially large coal space divided longitudinally into two 
compartments. One of these compartments contains 
three tons of coal, previously weighed out in 1-cwt. 
bags, and loaded by means of a smal] steam crane 
mounted on the tender. During a test, this coal is 
brought forward by an attendant who records the 
number of bags used, and collects the coal remaining 
on the shovel plate at the end of the test, so that the 
exact weight of coal fired is obtained. The other 
compartment contains three tons’ of loose coal for use 
at times other than during the periods of test. The 
water for feeding the boiler passes from the tender tank 
to the locomotive, through a displacement water meter 
located under the rear of the tender. The indicating 
spindle of this meter closes an electric contact at each 
revolution, so that the amount of water passed can 
be recorded directly in the dynamometer car. The 
overflow from the injectors is led under its own pressure 
to a small tank at the top of the tender, from which it 
returns by gravity to the supply pipe on the injection 
side of the meter. 

The steam pressures in the boiler, steam chest, and 
blast pipe, which are difficult to transfer, are indicated 
by gauges mounted in the locomotive cab, but all other 
instruments, including the indicator, are distant reading 
and are carried in the dynamometer car. The necessary 
connections are made by multi-core cable through a 
duct beneath the tender corridor, and are taken to the 
dynamometer car by removable jumpers. The corridor 
provides access to the footplate from the dynamometer 
car when running, but a gap is left between the corridor 
connections, so that measurement of the drawbar pull 
is not affected. To measure the relative velocity and 
direction of the wind, an anemometer of the Robinson 
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cup type and a wind-vane are carried on a light tubular 
framework projecting 8 ft. in front of the locomotive 
boiler, so as to ensure that, as far as reasonably possible, 
their readings are unaffected by the following train. 
The movements of both the anemometer and the wind 
vane are transmitted electrically to the dynamometer 
car. 

The estimation of the coal on the grate at the begin- 
ning and end of each test has hitherto been a difficulty 
in testing steam locomotives, and it is this which 
governs the duration of the test. To reduce the test 
period to a minimum, experiments are now in hand to 
obtain an indication of the amount of coal actually 
present on the grate at any time, by weighing the grate 
and ashpan, together with the coal and ash, and making 
allowance for the accumulation of ash, which is known 
from the weight of coal fired and the chemical analysis 
of the coal. The weighing apparatus consists of four or 
more elements of an electrical weighing machine, a 
device which has recently been developed, and is 
being described elsewhere, in which the weight sup- 
ported by a number of elements can be measured elec- 
trically without appreciable displacement, and the total 
indicated in any convenient position. This form of 
apparatus appears particularly suitable because the 
elements are very small, the weight of the grate can be 
counterbalanced, and the effect of vibration eliminated, 
by the use of appropriate electrical circuits, and the 
resulting weight can be shown either on the footplate 
or in the dynamometer car. 

The dynamometer and control car has three func- 
tions: firstly, being a large mass comparatively 
independent of both the locomotive and the braking 
units, it provides the master control from which the 
working of each of the braking units is regulated ; 
secondly, it measures and records the drawbar pull of 
the locomotive and the speed of the train ; and thirdly, 
it serves to carry the various instruments required for 
studying the working of the locomotive while running. 
It is also desirable that the car should be capable of 
independent operation, if required, for recording the 
drawbar performance of locomotives in service. The 
L.M.S. dynamometer car No. 1, which is at present 
working as part of the mobile testing plant, is a bogie 
coach having a laminated-spring dynamometer coupled 
to the drawgear at one end. It has a recording table 
and an integrating mechanism, and records speed, time, 
drawbar pull, and work done at the drawbar, on a basis 
of distance. At the moment, it has been equipped tem- 
porarily with much of the special apparatus which will 
ultimately be installed in the new car. 

The new dynamometer car, which is at present under 
construction, is also a bogie coach with a dynamometer 
connected to the drawgear at one end, but in this case 
the dynamometer is of the hydraulic type. A single 
unflanged road-wheel, which may be raised when not 
in use, is mounted in one of the bogies for measuring 
the speed of the train and the distance travelled. In 
order to co-ordinate the work of the various operators 
and observers—usually a difficulty in this form of test 
—the niaster controls, the recording table, and the 
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main instrument panel are all located in a single com- 
partment, so that the three principal members of the 
testing staff are together. They represent the three 
major functions of the test, and they can each keep in 
touch with the other members of the staff by means 
of a telephone. The indicator is housed in a separate 
compartment immediztely behind the control com- 
partment, and another compartment is provided for 
the accommodation of the gas-analysis apparatus. The 
master controls comprise a desk from which the workin 
of all the braking units may be controlled, and a saa 
upon which are duplicates of the key instruments of 
each of the units, so that the operator can observe the 
working of each unit while running. The desk is also 
provided with a speedometer, drawbar-pull gauge, 
brake-vacuum gauge, telephone, and clock. 

The dynamometer and the recording table are of the 
Amsler type, the arrangement of the dynamometer 
and drawgear being shown in Fig. 3, on page 597, and 
the recording table in Fig. 4, on the same page. 
The dynamometer consists of two co-axial oil-filled 
cylinders, back to back, with the pistons connected 
together and to the drawgear, so that ure of oil in 


one cylinder is a measure of pulling force, and in the | ing 


other is a measure of b force. The inevitable 
leakages of oil from these cy’ are made up by a 
small electrically-driven pump, so that the pistons are 
always maintained in approximately the same positions. 
The drawgear is connected to the pistons through a 
Westinghouse spring-friction draught-gear, which pre- 
vents the transmission of excessive shocks to the 
dynamometer. This draught-gear is mounted on a 
small carriage, to which is also attached a crossbeam 
connecting the buffer rods, as shown in Fig. 3, so that 
both the pulling and the buffing forces are measured. 
The whole system, including the buffer rods, crossbeam, 
drawbar, and draught-gear carriage, runs on roller 
bearings. 

The recording table provides a record of the test 
on a continuous sheet of paper which may be advanced, 
either at constant een by a ee 
motor, or proportionately to the distance travelled by a 
drive from the road-wheel, three alternative 
rates of advance being available in each case. Four 
pens, carried on sliding bars, trace continuous records 
of drawbar pull, acceleration and gradient, relative wind 
velocity, and relative wind direction. Three ranges of 
drawbar pull of 0-12,000, 0-36,000, and 0-96,000 Ib., 
are obtained by the use of three alternative hydraulic 
cylinders of different sizes, connected to the dynamo- 
meter pulling cylinder, and operated against a powerful 
spring. Corresponding alternative cylinders are con- 
nected to the dynamometer buffing cylinder, and come 
into action automatically if a buffing force is sustained. 
The combined longitudinal acceleration and gradient 
is measured by the displacement of a heavy pendulum, 
the movement of which is hydraulically damped. 
Four other pens, actuated from the principal measure- 
ments through various a ments of spherical 
integrator, record speed, drawbar horse-power, work 
done on the drawgear, and work done against accelera- 
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tion and gradient. In addition to the recording pens, 
dials indicate the instantaneous values of the speed, 
drawbar horse-power, drawbar pull in each direction, 
and the relative wind speed, while counters show the 
totals of the distance travelled and the work done. 
Fourteen electromagnetically operated pens are also 
provided for marking positions on the record, such as 
intervals of time, intervals of distance, stations, bags 


of coal consumed, etc., operated by sage button, 
quantities of water consumed operated the meter 
contacts, and opening of the safety valve. e position 


of the train on the line, and the rates of coal and water 
consumption, etc., can thus be co-ordinated with the 
other records. 

The relative wind velocity is measured by the anemo- 
meter at the front of the train, which operates the 
recording pen on the table by means of an electro- 
mechanical servo-amplifier. The anemometer is 
connected directly to a per t t generator 
producing an alternating current the voltage of which 
is proportional to the relative wind speed. is voltage 
is first rectified and compared with a reset voltage 
obtained from a potentiometer connected to the record- 
pen. The resulting error voltage, after amplifica- 
tion, controls a pair of thyratrons, the output of which 
can move the recording pen by means of a pair of 
magnetic clutches which engage with discs revolving in 
opposite directions. Thus, the pen is moved so that 
its displacement always corresponds to the generator 
voltage, and therefore to the relative wind speed. The 
pen recording the relative wind direction is driven 
directly from the wind-vane by means of a pair of 

Selsyn units. The instrument panel carries two 
multi-point resistance thermometers measuring tem- 
peratures up to 500. deg. F., two multi-point thermo- 
cou for measuring higher temperatures, 
four draught gauges, and a barometer. These instru- 
ments are expected to meet all requirements 
for the ing of steam and Diesel locomotives, but 
provision has made for the installation of further 
apparatus if necessary. The instruments are all of 
standard type, except that they are specially damped 
and mounted for use on a moving train. 

As the maintenance of constant indicated horse- 
power represents the basis of all testing of this kind, 

icular attention is being given to the problem of 
indicating, and it is proposed to employ a Dobbie- 
McInnes Farnborough indicator, which, while already 
suitable for Diesel locomotives, is also being developed 
for use with steam. This form of indicator appears 
particularly suitable for use in tests under approxi- 
mately constant conditions, as a composite diagram is 
obtained during a large number of cycles, so that, by 
suitable manipulation, a diagram representing the 
average working of the engine over the period of test 
can be obtained. The diagram is recorded on a drum 
revolving with the engine, by an electric spark which 
occurs each time the pressure in the cylinder reaches 
the same value as a steady ing pressure of air 





- balancing dh. 
which is conveyed to the cylinder elements by piping 
from the dynamometer car. By gradually varying this 
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balancing pressure, the complete indicator 

can be traced out, and by connecting the indicator in 
turn to different cylinder elements, a diagram for each 
end of each cylinder may be obtained. The indicator 
drum will be driven in exact synchronism with the 
engine by means of two geared Selsyn units designed to 
reproduce rotation within + 1 deg. In the case of 
steam locomotives, the transmitting Selsyn must be 
coupled to the driving axle through an Oldham- 
coupling mechanism, to allow for the relative move- 
ment of the axle. Diagrams traced on a revolving 
drum are actually on a crank-angle base, but they can 
readily be converted into the normal form, or alterna- 
tively the indicated horse-power may be determined 
directly from the diagram. In the compartment 
immediately behind the indicator compartment, pro- 
vision has been made for the installation of equipment 
for analysis of the flue gases, similar to that deeady 
installed in the L.M.S. gas-analysis car. 

All instruments installed on the dynamometer car 
are arranged to work from a 230-volt 50-cycle alternat- 
ing-current supply, so that they may be adjusted and 
calibrated in the laboratory, and it has therefore been 
necessary to arrange a similar supply, controlled in 
voltage and rayon to + 1 per cent., on the dynamo- 
meter car. An ample supply of 200-volt direct current 
is available from the braking units, but as some inde- 
pendent source of power is essential when the car is 
not attached to a unit, a 48-volt carriage-lighting 
generator is driven from one of the axles, charging a 
battery through a carbon-pile regulator. This battery 
supplies the lighting of the coach, and, by earthing its 
centre-point, a 24-volt potential is obtained for the 
recording table. The 230-volt alternating-current 
supply must therefore be obtained from either the 
200-volt or the 48-volt supplies, and arrangements must 
be made for the 48-volt battery to be charged from the 
200-volt supply. This is done by a motor-generator 
set suspended under the car. It comprises a 2-5-kVA 
230-volt generator with separate exciter, driven by 
either a 7-h.p. 200-volt direct-current motor, or a 
3-h.p. 48-volt direct-current motor ; the latter machine 
functions as a generator charging the battery when the 
200-volt direct-current motor is in use. The speed of 
the set, and the alternating-current voltage generated, 
are controlled by electronic regulators, which are in- 
cluded with the necessary switchgear and the 48-volt 
regulator in the auxiliary control panel in the recording 
and control compartment, from which the motor- 
generator set may be started, and the alternating- 
current controlled, whichever source is available. 

Except for the bogies and the braking resistors, the 
three mobile testing unit are identical, their general 
arrangement being as shown in Figs. 5 and 6, 
opposite. They are, in effect, powerful motor-coaches 
equipped for rheostatic braking only, and are carried 
on two four-wheeled bogies having a generator driven 
from each axle. In view of the weight of these vehicles, 
and the high speeds for which they are required, special 
attention was given in design to their suspension and 
riding qualities, and to the avoidance of undue wear 
of the track. The bogies have a wheelbase of 10 ft., 
and while the usual nose-suspended arrangement is em- 
ployed for the generators of the low-speed unit, the 
generators of units Nos. 2 and 3 are fully supported by 
the bogie frames, being coupled to the axle 1 flexible 
drives. The power generated in opposing the drawbar 
pull of the locomotive is dissipated by banks of metallic 
resistors, heating two columns of air drawn by fans from 
beneath the coach and expelled vertically through the 
roof. The auxiliary power required for these fans, for 
the blowing and excitation of the generators, and for 
other purposes, is provided by a 100-h.p. Diesel 
generator set, a battery for stand-by and emergency use 
being housed in a separate compartment. All electrical 
controls, other than the master controls in the dynamo- 
meter car, are centralised in the electrician’s compart- 
ment at one end of the car, the other end being fitted 
as a guard’s compartment. Each unit is arranged so 
that it may be operated independently or in any combin- 
ation with the dynamometer car and the other units. 

(To be continued.) 





THE INSTITUTION OF MINING AND emearasner.— 
The Gold Medal of the Institution of Mining and Metal- 
lurgy, the highest distinction that the Council can 
grant, has been awarded to Mr. G. Carleton Jones, 
resident director in South Africa of New Consoli- 
dated Gold Fields, Limited, in recognition of his dis- 
tinguished services to the gold-minirg industry of South 
Africa and, in particular, to the development of the 
West Rand. The Consolidated Gold Fields of South 
Africa Limited Gold Medal has been awarded jointly to 
Dr. Anthony Caplan and Mr, J. K. Lindsay for their 
work on the effect of high temperatures on working 
efficiency in deep mines. Honorary membership of the 
Institution has been conferred upon Dr. William Cullen, 
Dr. T. A. Rickard and Emeritus Professor J. T. Truscott, 
in recognition of their services to the mining and metal- 
lurgical profession and to the Institution. 
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SIZE IN TRANSPORT.* 
By Artuur Govuaz, B.Sc., F.R.Ae.8. 
(Concluded from page 558.) 


HavinG reviewed briefly the historical development 
of other methods of transport, I should like now to 
consider some relevant parts of the history of air trans- 
port, chiefly with respect to size. British commercial 
aviation began on August 25, 1919, when Mr. E. 
Lawford, in an Airco 4a, inaugurated the first regular 
British airline between London and Paris. Several air- 
lines operated independently until 1924, when Imperial 
Airways, Limited, a State-aided monopoly, was formed, 
and this embraced all existing British air ti rt 
companies. It was also about 1919 and 1920 that other 
countries started their air transport services. K.L.M. 
was formed in 1919, and the first commercial services 
in America began about the same time. At first the 
machines used were able to fly only an average of 300 
hours a year, the rest of the time being occupied with 
maintenance work 

In order to crystalise the development, I intend to 
consider the aircraft used by a particular organisation, 
and I have chosen Imperial Airways. To simplify the 
problem further, I have selected aircraft used mainly 
on their London-Paris route. Imperial Airways started 
operating this route daily on April 26, 1924. At the 
end of 1924 the W8f class was introduced ; this was 
the first of the three-engined air liners and was pro- 
duced by Handley Page. In July, 1926, the Argosy 
class of three-engined aircraft was commissioned for 
the London-Paris route. In June, 1931, the first of the 
famous Hannibal-Hercules class appeared, while in 
September, 1932, the first of the Armstrong-Whitworth 
Atlanta class was commissioned. In 1934, the first of 
the four-engined Diana class came out, andin October, 
1938, the first Ensign operated the route. The above 
machines indicate a steady growth in size. The war, 
however, intervened, and I thought that it would be 
unfair to include the aircraft which since then have 
been used temporarily. 

In parallel with these aircraft, it is interesting to 
trace the growth of size of flying boats used by Imperial 
Airways. In 1924, the Sea was used on the 
Southampton-Guernsey route; in 1928 the first Cal- 
cutta made its appearance; in 1931 the Scipio class, 
originally Ss the Kent class, was introduced ; 
and in December, 1936, the first of the Empire boats, 
the Caledonia, was commissioned. In September, 1938, 
the Champion was flown on service, and in July, 1939, 
the first trials of the Golden Hind took place; the 
latter machine was intended for the North Atlantic 
route. The outbreak of hostilities with Germany on 
September 3, 1939, suspended civil air operations. 

In tracing the development of air transport so far, 
I have not included the ancillaries. Had I been speak- 
ing in 1936 my task would, perhaps, have been easier. 
I should have said that landplanes required only la 
flat grass fields, of good surface, and with availa 
runs of 1,500 to 2,000 ft. in all directions. Indeed, 
the minimum requirements in 1935 for an aerodrome 
were 900 ft. by.450 ft. Marine aircraft would have 
required merely a stretch of water of slightly larger 
proportions, while the airship need only have been 
provided with its mooring mast. However, the neces- 
sity to improve land aerodromes was beginning to be 
felt about 1937. The United States were providing 
surfaced runways, chiefly on account of their difficulty 
in growing good grass surfaces. By 1937, the eight-way 
surfaced aerodrome was in use in America, and was 
being suggested to Great Britain. This was only the 
beginning, and by 1939 still larger aerodromes, with 
more expensive surfaces, were being envisaged. The 
outbreak of the war obscured the development of 
aerodromes from the public eye, but we know that it 
was extremely rapid and expensive. 

Up to 1936, Croydon was the major airport in Britain. 
In 1939, Elmdon Aerodrome at Birmingham probably 
was the most modern in the country; it covered 730 
acres and the capital investment at April, 1939, was 
about 550,000/. La Guardia Airport, at New York, 
was opened in December, 1939. This was a modern 
aerodrome with concrete runways. Quite a lot of land 
reclamation was involved in its construction, and the 
total cost at that date was given as 10,000,000. 
Finally, there are the aerodromes of Idlewild and Heath 
Row ; both these aerodromes in their finished condition 
will cost between 20,000,000. and 30,000,000/. This 
growth has been dictated by the increase in landing 
speed and in the size of current and projected land- 
planes. So it seems that aerodrome size is not a static 
thing, for we read from time to time that aerodromes 
of comparatively recent design have had to have their 
runways strengthened to meet the increase in weight. 
The possibility exists, therefore, that eventually the 
necessary ancillary equipment may limit severely the 
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natural growth of the landplane. With regard to 
terminals for marine aircraft, there has been little 
alteration since 1936. 

We have now studied the transport problem in 
general, and have noted how in all cases the vehicles 
have increased in size as the years went by and as 
technical advances permitted them to do so. I should 
like now to consider some of the points which I have 
made earlier in the lecture, and illustrate these by 
considering two specific cases of air transport. These 
cases are not intended to apply to any particular route, 
but to indicate and give my personal opinion as to how 
they should be developed. 

Taking, then, the first of these cases, let us consider the 
provision of air transport between two cities the popula- 
tions of which may be counted in millions, and are separ- 
ated by a distance of approximately 250 miles. I have 
chosen this comparatively short range because I wish, 
in the other case, to deal with long range. I think 
that what I am going to say in connection with both of 
these is applicable to any intermediate range. I am 
assuming also that the two cities are separated by some 
phical obstruction which precludes the possi- 
bility of a modernised railway system ever competing 
with regard to speed. This I consider to be an ideal 
case for passenger traffic by air, and I think it should be 
possible, if consideration be given to the whole project, 
to carry eventually almost the whole of the passenger 
traffic which moves between these two large cities. If 
we believe in this, as many of us do, we should design 
now to make it come true. 

With machines as we know them to-day, the journey 
time would be in the neighbourhood of one hour; 
therefore, I should expect that the frequency would be 
of the order of one hour. The size of the machine 
would be determined by the volume of the traffic. I 
should expect the traffic between these two cities to be 
in the order of thousands a day rather than in hundreds. 
It is obvious, therefore, that it is a task worthy of a 
serious engineering undertaking and, if you agree with 
me on the question of frequency, you will see that a 
comparatively large aircraft is necessary. You will 
also agree that it is a business which can be made a 
teal success. Therefore I say that the aircraft to be 
used on this undertaking should be designed for the job. 

For example, the fact that the range is compara- 
tively short will preclude the necessity for high-altitude 
flying. Again, if the two cities concerned lie in the 
temperate zone, I see no reason why the aircraft or 
engine, or any part of the equipment, should be con- 
sidered for tropical flying. I think we might even 
claim a relaxation on such things as the maximum 
gust intensity to be met. On the other hand, this 
aircraft, for every hour’s flying, will be performing 
one ing and take-off, and therefore thorough 
consideration should be given to the design of its 

iage. Furthermore, the engine, and the 
number of engines, should be considered from this angle 
as well, in order that the highest margin of safety 
possible is achieved under the conditions envisaged ; 
the largest percentage of fatal accidents occur during 
landing and take-off. As the range is only 250 miles, 
the tankage should meet this, and I would go so far 
as to say that the project we are considering is 
sufficiently important for us not to contemplate 
equipping the machine with tanks for a greater range 
because we have our eyes on some other market. 
You will agree that such precision of design require- 
ment will be of great assistance to the designer and 
his staff, compared with the position in which these 
unfortunate gentlemen often find themselves to-day, 
namely, of designing an aircraft for one particular 
route and having to consider all other routes in the 
world at the same time. Another great advantage is 
that it will enable the aircraft constructor to turn out 
a new design in’a shorter period of time than is possible 
under the present ment. 

I realise that apparently it is uneconomical to design 
a machine for which the number required is in the 
order of a dozen or so rather than a hundred, but I 
repeat that we are not giving the proper consideration 
to the magnitude of the job we are undertaking unless 
we set out to supply these two cities with air transport 
worthy of the route. I feel that the extra cost involved, 
together with the design effort, is of little importance 
in comparison with the final undertaking. Further- 
more, I think that at this time in the history of our 
aircraft industry we are in the position to supply this 
commodity—namely, a specialised design. 

Turning now to the second case, f want to study 
briefly the aircraft route which is equivalent to that 
of the North Atlantic. This involves a flight of some 
3,500 miles and generally is conceded to be the most 
difficult service to operate in the world; on the other 
hand, it has the greatest possibilities. Without 
visualising a great change in the aircraft conceived 
to-day, the speeds of the vehicles operating on the 
North Atlantic would be of the order of 350 to 400 
miles an hour. This would give an average journey 
time of approximately nine or ten hours, and conse- 
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quently I would say that the frequency required would 
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be two or three craft aday. I should like to remark 
that where two or three separate companies operate 
a route, the frequencies to which I refer are with 
respect to an individual company only. 

In order to lay down proposals for such a service, 
we should make some quantitative estimate of the 
volume of traffic to be carried. The populations 
involved are of an order over the 100 million on each 
side. In 1943, Dr. E. P. Warner gave us an estimate of 
600 a day, and it is interesting to note that from 
present statistics he is not far wrong. However, we 
can make an estimate based on other considerations, 
and it is interesting to do so. Let us assume that 
most people with an income of about 2,000/. a year 
would be potential travellers, at least once a year, and 
that they would probably always travel with one 
companion. In this country, there are almost 100,000 
people with incomes of 2,000/. a year, and, irrespective 
of other nationalities crossing the Atlantic, we might 
well expect 200,000 British return journeys a year. 
I maintain that it should be our object to provide 
transport for these people, and consequently we should 
envisage a density, in the near future, of 600 persons 
a day. With the frequency I have mentioned before, 
we should therefore be contemplating the provision of 
aircraft to carry 200 to 300 passengers. In the interests 
of safety, I would say that the journey should be made 
from point to point in order to avoid the hazard of 
intermediate landings and take-offs. It will be seen 
from the range and payload involved that we must 


pede yo to build in the future much larger sizes of 
i than we are building at present. - 

I come now to this point. You have seen from what 
I have said before that the size and cost of the aero- 
drome is becoming prohibitive, and it is doubtful to 
my mind whether we can or should go much farther 
in this direction. This means that we are limited to 
land machines of the size of the Brabazon or a little 
larger. If we are limited to this size, then in years to 
come either the frequency must go up or the potential 
passengers cannot be . No doubt we shall do 
all in our power to extend the service and carry all 
the rs becoming available; it is 
and essential, therefore, that we develop our large 
flying boats, irrespective of what anybody else is 
doing in the matter, because, in my opinion, these are 
the only craft which can develop in size without an 
extremely high ancillary cost. e landing areas in 
the Solent will accommodate boats much larger than 
those under construction. In this direction, we are 
unlimited and can plan with some confidence to go to 
a size that will handle efficiently the vast traffic which 
will become available across the North Atlantic. 

This route will be a highly specialised one, and 
anything I have said under the first example with 
regard to specialisation can be said in this case, but 
with greater emphasis. The North Atlantic as an air 
route has such enormous potentialities that we should 
not confuse the issue in any way by attempting to 
design a machine for purposes other than this particular 
route. This is a case where it is essential to specialise. 
Naturally, the design of these large machines entails 
many new problems ; these, however, are being over- 
come rapidly, and I think that we in Great Britain can 
claim to be in the forefront in giving the world this 
class of aircraft in the Brabazon and the S.R./45. 





CATALOGUES. 


Milling-Cutter Blades.—Messrs. Deloro Stellite, Limited 
Highland-road, Shirley, Birmingham, have sent us a 
leaflet on their Deloro Stellite blades for milling cutters. 
The alloy is suitable for machining cast iron, steel and 
non-ferrous metals, and has a Brinell hardness number 
of 850. 

Hot-Water Accelerators.—For increasing the velocity of 
flow of water in heating and domestic water-supply 
installations, Messrs. Newman, Hender and Company, 
Limited, Woodchester, Gloucestershire, supply hot- 
water accelerators. These are, in effect, motor-driven 
pumps designed for the purpose, and are available in 
numerous sizes. 

Beyer-Garratt I, —The | tive industry 
of this country has always contributed substantially to 
exports, and the Beyer-Garratt type of articulated loco- 
motives are unique in this respect. They have been built 
by Messrs. Beyer, Peacock and Company, Limited, Abbey 
House, Westminster, London, 8.W.1, at their Manchester 
works, since 1908, a year after the late Mr. H. W. Garratt 
had applied for a patent. We have received a handsome 
book from the firm, describing their work in this respect. 
The particular advantage of Beyer-Garratt locomotives is, 
of course, that they combine considerable power with low 
axle loadings, but they are also very flexible for negotiat- 
ing sharp curves, and, in general, the designer is not so 
restricted as he is with a conventional type of locomotive 
in fixing the sizes and shapes of boiler, wheels, cylinders, 
etc. Over a hundred designs of Beyer-Garratt locomo- 
tives have been used in 36 countries, and the book gives 
particulars of some of the remarkable performances om 
under arduous working conditions. 
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FURNACE APPARATUS. 


596,860. Furnace-Charging Apparatus. The Wellman 
Smith Owen Engineering Corporation, Limited, and I. Kay, 
both of London. (7 Figs.) October 13, 1944.—This is 
an invention in connection with furnace-charging appara- 
tus and manipulators for use in forging. In a manipula- 
tor for use in forging and of the run-about type, a carrier 
support 1 is mounted on wheels 2, two wheels being at 
the front and a central wheel at the rear. The drive is 
from a motor 3 mounted on the carrier body. The peel 4 
is supported by a carrier 5 which is mounted on the carrier 
support 1 by a parallel linkage at each side formed by 
a pair of bell-crank levers which have vertical arms 6 and 
horizontal arms 7. The vertical arms are connected 
together by a rod 8. The levers and the rod constitute 
three of the links of the parallel linkage. The carrier is 
pivoted at the angles of the two  bell-crank 
levers. The horizontal arm 7 of one bell-crank lever is 
pivoted to a bracket 9 on the carrier support and that of 
the other to the carrier support through a link 10. A 
further bell-crank lever is pivoted on the support, to one 
arm 11 of which link 10 is connected. Fluid-pressure 











operated apparatus has a cylinder 12 fixed on the carrier 
body and a piston connected to the other arm 13 of the 
bell-crank lever. The vertical arm 6 of one of the first- 
mentioned bell-crank levers is also connected to a 
piston of fluid-pressure operated apparatus 14, the cylin- 
der of which is fixed on the carrier 5. An air cylinder 15 
is connected by a pipe 16 in the pressure-fiuid supply line 
to this cylinder. The arrangement of bell-cranks, links 
and fluid-pressure operated apparatus described is at 
one side of the apparatus and it is duplicated at the other 
side. In operation, when it is desired to raise the carrier 5 
(and with it the peel) parallel to itself, fluid is admitted 
to the cylinders 14 which are fixed to the carrier. This 
moves the bell-crank levers 6, 7 about their pivotal con- 
nections, the one to the bracket 9 on the support and the 
other to the link 10. Thus the carrier rises or falls 
parallel to itself. Should it be desired to tilt the carrier 
upwards at an angle, the gear 14 on the carrier is fixed 
and pressure fluid is admitted to the cylinders 12. The 
result is that the carrier is tilted about the point of pivot 
of the first-mentioned bell-crank levers with the brackets 9 
on the carrier support. (Sealed.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 


596,381. Machine-Tool Slide. Drummond Brothers, 
Limited, and J. L. Blacklock, both of Guildford, Surrey. 
(2 Figs.) November 8, 1944.—The invention is a special 
improved form of slide for lathes and other machine 
tools. The lathe bed 1 carries a slide base 2 eecured to 
it by bolted clamping plates 3 and 4 and a locking 
handle 22, so as to be adjustable to any position along the 
lathe bed. The top surface of the lathe bed has a 
longitudinal recess 5 of rectangular cross-section and 
fitted in this recess is a cam carrier 6 which can be 
traversed at right angles to the slide base 2 along the 
lathe bed, by mechanical or hydraulic means) generally 
indicated at 8. Mounted on the cam carrier 6 and 
within the recess 5 are a pair of flat cam plates 7 and 9. 
The track formed between these cam plates operates a 
roller 10 freely mounted on a bearing 11 depending from 
a roller carrier 12. This, in turn, is secured adjustably by 
bolts 14 to the underside of a tool-carrying main slide 13. 
Adjustment of the main slide in relation tothe roller carrier 








12 may be effected by slackening the bolts 14 and oper- 
ating a handwheel 15. This handwheelis carried on one 
end of a spindle 16 journalled in a bracket 17 which is 
screwed at 18 to the rear ofthe mainslide. The other end 
of the spindle 16 is threaded into the roller carrier at 19. 
An “end of cut” stop 20 is formed by one end of a 
spindle passing through the slide base 2 and with its 
other end threaded into the roller carrier 12. On its 
upper surface the main slide 13 is formed with T-slots for 
the attachment of overhead brackets and additioral 
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slides, bevelling attachments or other special tools. The 
main slide 13 is also provided with a dovetailed key 26 
for the attachment of a holder 27 carrying the cutting 
tool 28. According to the length of the bed any num- 
ber of slides can be operated simultaneously or indepen- 
dently in either direction by the provision of additional 
pairs of cam plates 7 and 9 to the cam carrier. The 
cam carrier and cam plates are protected against the 
entry of cooling liquid, swarf and dirt by a cover 21 which 
slides in the lathe bed under the slide base 2. (Sealed.) 





MISCELLANEOUS. 


596,438. Flowmeter. J. H. Whitaker, of Farnborough, 
Hants. (4 Figs.) January 25, 1945.—This device is 
for the measurement of the rate of flow of liquids or 
gasses. Its object is to obviate the sticking of the 
movable member which sometimes occurs, by causing the 
latter to rotate. The flowmeter consists of an upright 
tapering tube 10 of transparent material, located in end 
caps 11, 12, the narrow end being lowermost. The end 
caps 11, 12 are held in position by tie rods 13, 14. 
Arranged axially inside the tube 10 is a central guide rod 
15 on which slides a plug 16 having a cylindrical body, 
at the top of which is a thin sharp-edged circular plate 17 
which. projects slightly beyond the edge of the cylindrical 
body, leaving an annular aperture between itself and the 
tapering tube 10 which forms the seating. Midway 
between the centre of the top disc and its periphery are 
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two hqllow tubular projections 18, 19 with their upper 
ends closed, placed diametrically opposite one another. 
Each of these tubes is drilled to form sharp-edged ports 
pointing in opr-site directions. The port on tube 19 is 
shown at 21. 1n operation, fluid is passed up through the 
tapering tube 10, and the plug 16 will move axially along 
the tube 10 in aécordance with any change of rate of 
flow. Some fluid from the underside of the plate 17 
passes to the tubular projections 18, 19 through passages 
22, 23. The jets issuing from the ports in the tubular 
projections 18, 19 will keep the plug 16 continuously 
rotating, so that the sticking of the plug either in the 
seating, that is, the tube 10, or on the guide rod 15, is to 
alarge extent obviated and is readily detected visually 
when it does occur, since the rotational movement of the 
plug will cease. The tube is suitably graduated (not 
shown) so that the level of the top plate of the plug in 





the tube, and hence the flow, can be read off. (Sealed.) 





